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Comprising Herpes Virus Entry 
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DECLARATION OF ABBIE CELNIKER UNDER 37 C.F.R. § 1,132 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

I, Abbie Celniker do declare and state: 

1 . I presently hold the position of Vice President of Biotherapeutics at 
Millennium Pharmaceuticals, Inc. Millennium Pharmaceuticals, Inc. is the exclusive licensee 
of the above- identified application ("the '231 application"). My academic and technical 
experience and honors, and a list of my publications are set forth in my curriculum vitae, 
attached as Exhibit 1 . 

2. I have read and am familiar with the following materials: 

a. the '23 1 application; 

b. the claims currently pending in the '231 application; 

c. the Office Action, dated March 5, 2002, issued in connection with the 
'23 1 application; and 

d. Exhibits 2-9 discussed below. 

3. The invention claimed in the '231 application is directed to pharmaceutical 
compositions comprising Herpes Virus Entry Mediator ("HVEM") protein. HVEM is also 
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known in the art. as TR2 (TNF Receptor-, or TNFR-, related 2), ATAR (another TRAF (TNF 
Receptor Associated Factor)-associated receptor), and HveA (herpesvirus entry protein A). 

4. HVEM is a member of the family of receptors designated the tumor necrosis 
factor receptor/nerve growth factor receptor (TNFR/NGFR) family ('23 1 specification at page 
1, last paragraph). HVEM was identified by the present inventors on the basis of its ability to 
confer susceptibility to herpes simplex virus type 1 ("HSVl") upon Chinese Hamster Ovary 
("CHO") cells ('231 specification at pages 10-12). Briefly, as described by the specification, 
CHO cells that do not express HVEM are resistant to HSVl entry, as evidenced by lack of 
expression of P-galactosidase, a reporter gene carried by the virus employed in the studies 
described in the '231 specification, following contacting the cells with the virus. In contrast, 
CHO cells that recombinantly express HVEM are sensitive to HSVl infection, which is 
evidenced by their expression of the viral reporter P-galactosidase. 

5. The references attached hereto as Exhibits 3-6, published before what I 
understand is the filing date of the first parent application of the '23 1 application and 
discussed in more detail in fflf 6-9 below, corroborate that one of ordinary skill in the art 
would recognize that a dominant negative receptor of the TNF receptor family, such as a 
soluble receptor, interferes with binding of a TNF-class ligand to its receptor. These 
references further corroborate that one of ordinary skill in art would recognize that, where a 
TNF-class ligand mediates entry of a pathogen into a host cell, such as a human cell, via a 
TNF receptor family member, a soluble form of the receptor would interfere binding of the 
ligand to the host cells, and therefore inhibit entry of the pathogen into the host cell. 
Accordingly, one of ordinary skill in the art would recognize that a dominant negative form of 
HVEM, such as soluble HVEM, of which the native form (/. e. , cellular membrane-bound 
form) was shown by the inventors to mediate entry of herpes virus into mammalian cells, 
would be useful in inhibiting herpes virus entry into mammalian cells. Thus, one of ordinary 
skill in the art at the time the earliest parent of the '23 1 application was filed would recognize 
that an exogenous HVEM molecule which sequesters herpes virus from binding to cellular 
HVEM and thus interferes with the ability of herpes virus to infect cells could be formulated 
into a pharmaceutical composition for therapeutic or prophylactic use against herpes virus. 
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For these reasons and the reasons discussed in 1HJ6-16 below, one of skill in the art would 
recognize that dominant exogenous HVEM molecules, such as soluble HVEM, can be used to 
treat or prevent infections by HSV. Further, one of skill in the art, using the teachings of the 
specification and routine methodology, would be able to make and administer pharmaceutical 
compositions comprising such HVEM molecules. In particular, pharmaceutical formulations 
are taught in the specification of the '23 1 application, for example in Section V at pages 24- 
25, and are also well known in the art (see, for example, Remington's Pharmaceutical 
Sciences, Alfonso R. Gennaro ed., Mack Publishing Co. Easton, Pa., 19th ed., 1995, pp. 
1495-1560, attached hereto as Exhibit 2). Methods of administration are also both taught in 
the specification (second paragraph on page 25) and well known to the skilled artisan. 

Adminsitration of HVEM Is Expected to Inhibit 
Infection by or Spreading of Herpes Virus 

6. Gray et al. ("Gray"), Exhibit 3 attached hereto, establishes that a soluble 
receptor of the TNF receptor family inhibits the biological activity of its ligand. Gray 
demonstrates that conditioned medium from COS cells transfected with the extracellular 
domain of the TNF receptor both inhibited the binding of TNFa to cells which express the 
endogenous, i.e., membrane-bound, receptor by approximately 70% (Fig. 4 A at page 7383) 
and inhibited a biological activity of TNFa, induction of cytolysis of WEHI cells, by about 
60% (Fig. 4B at page 7383). 

7. Ashkenazi et al, Exhibit 4 attached hereto ("Ashkenazi"), demonstrates that a 
soluble form of a TNF receptor, namely a fusion protein of the extracellular domain of human 
type 1 TNF receptor and an immunoglobulin ("TNFR-IgG"), inhibits both in vivo as well as 
in vitro biological activity of TNF. In vitro, TNFR-Ig was able to block TNF-induced lysis of 
actinomycin-treated murine cells (Fig. 3 at page 10537). Further, in vivo, administration of 
TNFR-Ig to experimental mice was able to protect the mice against TNF-mediated toxic 
shock induced by Salmonella-derived endotoxin (Fig. 4 at page 10538). Accordingly, 
Ashkenazi establishes that administration of a soluble form of a TNF class of receptor to a 
mammal inhibits the biological activity of the endogenous receptor. 
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8. Ward et al, Exhibit 5 attached hereto ("Ward"), describes using a soluble form 
of CD4, the human immunodeficiency virus ("HIV") entry receptor, comprising two 
extracellular immunoglobulin domains of CD4 and a human immunoglobulin, referred to 
hereinafter as CD4-Ig 5 to block HIV-1 infection in chimpanzees. A comparison was made of 
the course of HIV infection in chimpanzees treated with CD4-Ig (Animals 37 and 43) prior to 
and following challenging the animals with HIV versus a control animal that received the 
HIV challenge but no CD4-Ig treatment (Animal 62). Although the control chimpanzee, 
Animal 62, showed signs of HIV infection as early as three weeks following the HIV 
challenge, the two chimpanzees that received the CD4-Ig regimen were HIV negative by three 
different assays at the end of the 47-week testing period (Table 1 at page 435). 

9. Greve et aL 9 attached hereto as Exhibit 6 ("Greve"), describes experiments in 
which the effect of two soluble forms of intercellular adhesion molecule- 1 ("ICAM-l"), the 
receptor of the majority of human rhinoviruses, on the binding of human rhinovirus type 3 
(HRV3) to full length ICAM-l and HRV3 infectivity. One of the soluble forms of ICAM-l 
tested in this study corresponded to the entire extracellular domain of ICAM-l, and the other 
to ICAM-l' s two N-terminal immunoglobulin-like domains, referred to hereinafter as 
tICAM(453) and tICAM(l 85), respectively. In an in vitro binding assay, both soluble forms 
of ICAM-l were capable of inhibiting the binding of radiolabeled HRV3 to ICAM-l 
immobilized on a microtiter dish (Fig. 3 A at page 601 8). tICAM(453) and tICAM(l 85) were 
also capable of inhibiting HRV3 infection of HeLa cells (Fig. 3B at page 6018), and further 
inhibited HRV3 replication in HRV3- infected HeLa cells (Fig. 3B at page 6018). 

10. I conclude, based on the references described in ^| 6-9 above and the data 
described in the '231 specification, that recombinant HVEM would bind to and sequester 
HSV1 particles, thereby preventing their binding to cellular HVEM or any other cellular 
receptor, thus preventing HSV1 infection of cells or the spread of HSV1 from cell to cell 
following infection. 
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Soluble HVEM Is Expected to Be Useful in Treating or Preventing HSV Infections 

1 1 . Wild-type HSV-1 can use HVEM for cellular entry, as transfection of CHO 

cells with HVEM renders them susceptible to HSV-1 (731 specification, page 13 at second 
paragraph). Viral entry through HVEM is thought to be at least in part mediated by HSV 
viral envelope glycoprotein D, or gD ( f 23 1 specification, page 13 at third paragraph). 

12. A phenomenon called gD-interference has been observed for herpes viruses. 
Briefly, gD interference refers to cellular resistance to herpesvirus infections in cells in which 
wild-type gD is expressed. The inventors of the f 231 application observed gD interference of 
HSV1 infections in gD- and HVEM-expressing CHO cells, even when the gD was of HSV2 
origin ('23 1 specification at pages 13-14). Because gD interference is thought to occur by gD 
sequestration of a cellular receptor, the gD interference observed by the inventors suggests 
that HVEM interacts with gD of both HSV1 and HSV2. This is consistent with the 
hypothesis that gD interference results from competition between cell-associated gD and 
virion-associated gD for a common target, i.e. , HVEM. This observation has been verified 
(see, e.g., Montgomery et ah, Exhibit 7 attached hereto, and Whitbeck et ah, 1997, Exhibit 8 
attached hereto). 

13. Although HVEM can mediate cellular entry of HSV1 and HSV2 in CHO cells, 
HVEM-expressing CHO cells remain resistant to certain mutant strains of HSV 1 ('231 
specification, page 13 at third paragraph), suggesting the presence of other receptors. Indeed, 
other receptors for herpesviruses have been identified following the effective filing date of the 
'231 application {see, e.g., background section of Whitbeck et ah, 1999, Exhibit 9 attached 
hereto). 

14. However, despite the existence of more than one cellular herpesvirus receptor, 
evidence suggests that one particular region of herpesvirus gD protein is responsible for 
binding to a number of these receptors (see, e.g., Whitbeck et ah, Exhibit 9, in particular Fig. 
11 at page 9888). 

15. Because herpesvirus gD protein is capable of binding more than one cellular 
receptor through a common domain, one of skill in the art would conclude that obstruction of 
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this region in gD would inhibit gD from binding to its cellular receptors and therefore inhibit 
viral infection of cells, in a manner analogous to gD interference among various strains of 
HSV. This is consistent with the observation that the region of gD responsible for binding to 
HVEM and another cellular receptor, HveC, overlaps a region of gD that is recognized by a 
particular class of herpesvirus neutralizing antibodies (see, e.g., Whitbeck et al 9 Exhibit 9, in 
particular Fig. 1 1 at page 9888). 

16. In view of the above observations, one of skill in the art would expect that 
soluble HVEM, given its ability to bind to gD of wild type HSV1 and HSV2, would be useful 
in preventing the binding of HSV 1 and HSV2 to a cellular receptor, thereby inhibiting 
infection and spreading of these viruses in mammalian cells. 

17. In summary, the teaching presented in the '23 1 application, coupled with the 
state of the art at the time the first parent of the '23 1 application was filed, would allow one of 
skill in the art to routinely make and use pharmaceutical compositions comprising soluble 
HVEM protein. One of skill in the art would expect administration of such compositions to 
be useful in achieving clinically beneficial results in the treatment or prevention of infections 
by wild type HSV1 and HSV2. 

18. I declare further that all statements made in this Declaration of my own 
knowledge are true and that all statements made on information and belief are believed to be 
true and further that these statements are made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment or both, under 
Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issuing thereon. 



Dated: 
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cDNA and expression of recombinant soluble TNF-binding protein," Proc. 
Nat'l Acad. Sci. U.S.A. 87:7380-7384. 
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Ashkenazi et al, 1991, "Protection against endotoxic shock by a tumor 
necrosis factor receptor immunoadhesin," Proc Natl Acad Sci U.S.A. 
88(23):10535-39. 

Ward et al. 9 1991, "Prevention of HIV- 1 IIIB Infection in Chimpanzees by 
CD4 Immunoadhesin;' Nature 352:434-436. 
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Greve et aL 9 1991, "Mechanisms of Receptor-Mediated Rhino virus 
Neutralization Defined by Two Soluble Forms of ICAM-1," Journal of 
Virology 65(ll):6015-6023. 

Montgomery et al. 9 1996, "Herpes simplex virus- 1 entry into cells mediated by 
a novel member of the TNF/NGF receptor family," Cell 87:427-436. 

Whitbeck et al 9 1997, "Glycoprotein D of herpes simplex virus (HSV) binds 
directly to HVEM, a member of the tumor necrosis factor receptor superfamily 
and a mediator of HSV entry," J. Virol. 71(8):6083-93. 

Whitbeck et al 9 1999, "The major neutralizing antigenic site on herpes 
simplex virus glycoprotein D overlaps a receptor-binding domain," J. Virol. 
73(12):9879-90. 
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Abbie C. Celniker, Ph.D. 

560 Chestnut Street 

Newton, MA 02468 

Home: 617-332-0067 Fax: 617-969-7030 

Acelniker@AQL.com 



Education : 

1986, Ph.D., Molecular Biology, University of Arizona. Immunological Studies of Human Cathepsin D 
1 980, B A, Biology, University of California, San Diego 
Experience Overview: 

Extensive experience in the area of recombinant protein pharmaceutical development and 
commercialization including; functional area oversight, regulatory submissions, interactions 
with CEBR and CDER, and project team leadership and participation. 

Scientific expertise in the areas of transplantation biology, co-stimulation, growth and wasting. 

Technical expertise in the areas of; monoclonal antibody development and characterization 
immunoassay and analytical methods development and Preclinical biology. 

Managerial experience including the management of individuals and groups consisting of 
Ph.D., DVM, Post-doctoral and research associate level positions. 

Compliance experience including the organization and maintenance of GLP and GMP 
compliant laboratories and information management systems. 

Translational biology experience focused on the integration of novel analytical methods into 
clinical studies and the movement of therapeutic proteins from research into the clinic. 

Employment: 

June 2000 to Present, Vice President, Biotherapeutics, Millennium Pharmaceuticals, Cambridqe MA 
Responsibilities include: . ' 

Oversight of the following functional areas: Therapeutic Antibody Technology Group Protein 
Sciences (discovery and process development), Biological Assay Development, Mouse Models 
Development and the Animal Resources Group. 

Participation on the Discovery Scientific Review Committee, Development Scientific Review 
Committee and Product Team (development portfolio management) 



October 1999 to June 2000, Assistant Vice President, Predevelopment - Biopharmaceutical Core 
Technologies, Genetics Institute of Wyeth Ayerst Research, Andover/Cambridge MA 
Responsibilities included: 

Oversight of the following functional areas: Therapeutic Antibody Technology Group, Research 
Protein Supply, Proteomics, Bioanalytical Sciences, Pharmacokinetic and Pharmacodynamic 
Sciences, Laboratory Animal Resources, Preclinical Scientific Communications, Research 
Operations and the External Research Department. 

Oversight of "predevelopment process" for therapeutic proteins moving from discovery 
research into development (Lead Candidate through IND). 

Preclinical Project Team Leader for the Anti-B7.1/Anti-B7.2 Program in GvHD and Renal 
Transplantation 

November 1993 to June 1999, Director /Senior Scientist of Bioanalytical Sciences at Genetics 
Institute, Andover, MA. Responsibilities included: 

Oversight of the Antibody Technology Group, Bioanalytical Sciences and the Preclinical 
Transcriptional Profiling group (Gene Expression Monitoring). 

The establishment and oversight of a GLP compliant immunoassay lab, including laboratory 
automation (sample tracking, sample manipulation and data transfer), assay validation and 
facility management. 

Member of the Analytical Coordinating Group (ACG) responsible for the immunoassays used 
for identity testing, ligand binding analysis and immunoassays for host cell protein impurities to 
support process and product development. 

Oversight of the assessment arid interpretation of anti-product immune responses for 
Preclinical and clinical studies. 

Preclinical Project Team Leader for the Anti-B7.1/Anti-B7.2 Program in GvHD and Renal 
Transplantation 

May of 1 993 to November 1 993, Associate Director/Senior Scientist, Medicinal and Analytical 
Chemistry, Genetech Inc., South San Francisco, CA. Responsibilities included: 

Oversight of the Bioanalytical Methods Development group, responsible for immunoassay 
development for research, Preclinical, clinical and product development support 

Preclinical Research Project Team Leader for the IGF-1 Program 

June 1986 to May of 1993, Scientist, Medicinal and Analytical Chemistry, Genentech Inc South San 
Francisco, CA. Responsibilities included: 



Development of antibodies and immunoassays for the quantitation of human and animal 
growth hormones in serum and urine and the assessment of the anti-growth hormone antibody 
response. 

Development of antibodies and immunoassays for the quantitation of human Insulin-like 
Growth Factor 1 (IGF-1) and IGF-1 binding proteins in serum and urine to support preclinical 
and clinical pharmcokinetics and pharmacodynamics 

Development of antibodies and immunoassays for the quantitation of gamma interferon, TIMF- 
alpha, HSA, Human Relaxin, Pro-Relaxin, and Relaxin "A" and "B" chains in serum, urine and 
cell expression systems 

Development of immunoassays for the quantitation of E. coli and CHO derived host cell protein 
impurities 

1984 to 1986, Research Associate, University of Arizona Cancer Center, Veteran's Administration 
Hospital, Tucson, AZ. Responsibilities included: 

Establishment of primary cells lines from prostate tumor and benign prostatic hypertrophy 
specimens. 

Development of assays to differentiate cytostatic from cytotoxic biological response modifiers. 

Development of immunoh istochemical staining methods for the detection of prostate cancer 
cells in bone marrow. 

Publications: 



Takai DK, Craighead, N, Saint, A, Celniker, A., Burkly, L.C., Lee, K.P., Chute, J.P., Harlan, D.M. 
and Kirk, A.D. Costimulatory molecules are active in the human xenoreactive T-cell response but 
not in natural killer-mediated cytotoxicity. Transplantation. 2000 Jul 15;70(1):162-7. 

Modi, N., Baughman, S., Paasch, B., Celniker, A., and Smith, S. Pharmacokinetics and 
pharmacodynamics of TP-9201 , a GPIIbllla antagonist, in rats and dogs. J Cardiovasc 
Pharmacol. 1 995 Jun; 25(6): 888-97. 

Boguniewicz, M., Martin, R., Martin, D., Gibson, U., Celniker, A., Williams, M., and Leung D 
The effects of nebulized recombinant interferon-gamma in asthmatic airways. J Allerav Clin 
Immunol. 1995 Jan;95(1 Pt1):133-5 

Martin, R., Boguniewicz, M., Hensen, J.E., Celniker, A., Williams, M., Giorno, R., and Leung 
D.Y. The Safety and Effects of Inhaled Interferon Gamma in Normal Human Airwavs Am Rev 
of RespDis 148: 1677-1682, 1993. 



Hartman, M.L, Clayton, P.E., Johnson Ml. Perlman, A.J., Celniker, A.C., Alberti K G M M 
and Thomer, M.O. A Low-Dose Euglycemic Infusion of Recombinant Human Insulin-Like 




Growth Factor I Rapidly Suppresses Fasting-Enhanced Pulsatile Growth Hormone Secretion in 
Humans. JCI 91: 2453-2462, 1993. 

Stewart, D.R., Overstreet, J.W., Celniker, A.C., Hess, D.L, Cragun, J.R., Boyers, S.P. and 
Lasley, B.L The Relationship Between HCG and Relaxin Secretion in Normal Pregnancies vs 
Periimplantation Spontaneous Abortions. Clin Endo 38: 379-385, 1993. 

Simon, C.J.Y., Underwood, L.E., Celniker, A. and Clemmons, D.R. 1992. Effects of 
Recombinant Insulin-Like Growth Factor-I (IGF-I) and Growth Hormone on Serum IGF-Binding 
Proteins in Calorically Restricted Adults. J. Clin Endocrinol. Metab. 75: 603-608, 1992 

Lieberman, SA, Bukar, J, Chen, SA, Celniker, AC, Compton, PG, Cook, J, Albu, J, Perlman, 
AJ, and Hoffman, AR. 1992. Effects of Recombinant Human Insulin-Like Growth Factor-i 
(rhIGF-l) on Total and Free IGF-I Concentrations, IGF Binding Proteins, and Glycemic 
Response in Humans. J. Clin Endocrinol Metab. 75: 30-36, 1992. 

Albini, C.H., Sotos, J., Sherman, B., Johanson, A., Celniker, A., Hopwood, N., Quattrin T 
Mills, B., and MacGillivray, M.H. 1991. Diagnostic Significance of Urinary Growth Hormone 
Measurements in Children with Growth Failure: correlation between serum and urine GH 
Pediatric Research 29: 619-622, 1991. 

Ferraiolo, B.L, Winslow, J., Laramee, G, Celniker, A and Paul Johnston. ; The 
Pharmacokinetics and Metabolism of Human Relaxins in Rhesus Monkeys. Pharmaceutical 
Research, 8: 1032-1038, 1991. 

Girard, J., Celniker, A., Price, A., Tanaka, T., Walker, J., Welling, K., and Albertsson-Wikland, 
K. Urinary Measurement of Growth Hormone Secretion. Acta Paediatr Scad fSuDDll 366 : 
149-154,1990. 1 HHJ ' 

Stewart, D.R., Celniker, A.C., Taylor, C.A., Gragun, J.R., Overstreet, J.W. and Lasley. B.L 
Relaxin in the Peri-Implantation Period. J. Clin Endocrinol and Met, 70: 1 771 , 1 990 

Celniker A.C., Chen, A.B., Wert, R.M. and Sherman, B.M. Variability in the Quantitation of 
Circulation Growth Hormone Using Commercial Immunoassays. J. Clin Endocrinol and Met 
68:469,1989 

Ahmann, R.R., Garewal, H.S., Schifman, R, Celniker, A. and Rodney, S. intracellular 
Adenosine Triphosphate as a Measure of Human Tumor Cell Viability and Druq Modulated 
Growth. J. In Vitro Cell Dev Biol 23: 474, 1987 

Montgomery, D.W., Celniker, A. and Zukoski, C.F. Didemnin B~An Immunosupressive Cyclic 
Peptide that Stimulates Murine Hemagglutinating Antibody Responses and Induces 
Leukocytosis In Vivo. Transplantation 43: 133, 1987 

Nagle, R.B., Ahmann, F.R., McDaniel, K.M., Paquin, M.L, Clark, V.A. and Celniker, A. 
Cytokeratin Characterization of Human Prostatic Carcinoma and Its Derived Cell Lines 
Cancer Res 47: 281 , 1 987 



Garewal, H.S., Ahmann, F.R., Schifman, R.B. and Celniker, A. ATP Assay: 
Distinguish Cytostatic from Cytocidal Anticancer Drug Effects. JNCI 77: 1039, 1986 



Abstracts: 



Bias, K, Wilson, M, Fehskens, E, Giltinan, D, Celniker, A, Harrison, D, Tanner, J and Cronin 
M. Recombinant Human Growth Hormone Sustains Elevated Insulin-Like Growth Factor 
Levels in Immature Rhesus Monkeys. 74th Annual Meeting of the Endocrine Society San ■ 
Antonio Texas, June 24-27, 1992, pg. 225. 
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Harrison, D, Celniker, A, Reifsnyder, D, Sipes, D, Schroeder, K and Gesundheit N 
Measurement of Serum Insulin-Like Growth Factor Binding Protein 3 Using a Two Site EUSA 
74th Annual Meeting of the Endocrine Society, San Antonio Texas, June 24-27, 1992, pg. 295. 

Celniker, AC and Chen, AB. The Use of Antigen ELISAS in the Development of Protein and 
Peptide Pharmaceuticals. 25 Years of Immunoenzymatic Techniques, International Congress 
Athens Greece, September 9-12, 1991. . 
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Measurement of Free and Total IGF-I in Human Plasma. 2nd International Symposium on 
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CHAPTER 86 

Solutions, Emulsions, Suspensions and Extracts 



J G Noirn, PhD 

Professor of Phormocy 
Facufry of Pharmacy 
University of Toronro 
Toronro, Conodo M55 1 A1 



The dosage forms described in this chapter may be pre- 
pared by dissolving the active ingredient(s) in an aqueous or 
nonaqueous solvent, by suspending the drug (if it is insoluble 
in pharmaceuticaUy or therapeutically acceptable solvents) in 
an appropriate medium or by incorporating the medicinal 
agent into one of the two phases of an oil and water system. 
Such solutions, suspensions and emulsions are further de- 
fined in subsequent paragraphs but some, with similar proper- 
ties, are considered elsewhere. These dosage forms are use- 
ful for a number of reasons. They can be formulated for 
different routes of administration : oral use t introduction into 
body cavities or applied externally. The dose easily can be 
adjusted by dilution, and the oral liquid form readily can be 
administered to children or people unable to swallow tablets 
or capsules. Extracts eliminate the need to isolate the drug 
in pure form, allow several ingredients to be administered 
from a single source (eg, pancreatic, extract) and permit the 
preliminary study of drugs from natural sources. 
Occasionally, solutions of drugs such as potassium chloride 
are used to minimize adverse effects in the gastrointestinal 
tract. 

The preparation of these dosage forms involves several 
considerations on the part of the pharmacist: purpose of the 
drug, internal or external use, concentration of the drug, 
selection of the liquid vehicle, physical and chemical stability 
of the drug, preservation of the preparation and use of appro- 
priate excipients such as buffers, solubilizers. suspending 
agents, emulsifying agents, viscosity controlling agents, col- 
ors and flavors. Oral preparations require that consideration 
be given to improving patient compliance by making an accept- 
able product; consequently, color, odor and taste must be 
considered. These organoleptic factors are described in 
Chapter 80. The viscosity of a product also must be consid- 
ered in order that it has the proper palatability for an oral 
preparation and to have the appropriate suspending proper- 
ties if it is an emulsion or suspension. The theory pertaining 
to these sy steins is provided in Chapters 21 and 22. The 
theory of solutions, which involves solubility, ionization, pH 
control through the use of buffers and solubilization, is dis- 
cussed in Chapters 1 6 and 1 7. Because of the complexity of 
some manufactured products, compounding may be carried 
out with the aid of linear programming models" in order to 
obtain the optimal product. Chapters (87 to 89) should be 
consulted for information on the preparation and characteris- 
tics of those liquid preparations that are intended for ophthal- 
mic or parenteral use. 

Much has been written during the past decade about the 
biopharmaceutical properties of, in particular, the solid dos- 
age forms. In assessing the bioavailability of drugs in tablets 
and capsules, many researchers first have studied the absorp- 
tion of drugs adimnistered in solution. Since drugs are ab- 
sorbed in their dissolved state, frequently it is found that the 
absorption rate of oral dosage forms decreases in the follow- 
ing order: aqueous solution > aqueous suspension > tablet 
or capsule. The bioavailability of a medicament, for oral 
ingestion and absorption, should be such that eventually ail of 
the drug is absorbed as it passes through the gastrointestinal 
tract, regardless of the dosage form. Some formulation fac- 



tors which may influence the bioavailability and pharmacoki- 
netics of drugs in solution include concentration of the drug, 
volume of liquid administered, pH, buffer capacity and 
viscosity. Emulsions and suspensions are more complex sys- 
tems and consequently the extent of absorption and pharma- 
cokinetic parameters may be affected by a number of addi- 
tional formulation factors such as surfactants, type of viscosity 
agent, particle si2e and particle-size distribution, polymor- 
phism and solubility of drug in the oil phase. Specific ex- 
amples are provided in Chapter 19. There are a number of 
reasons for formulating drugs in forms in which the drug is not 
in the molecular state. These are improved stability, im- 
proved taste, low water solubility, palatability and ease of 
administration. It becomes apparent, then, that each dosage 
form will have advantages and disadvantages. 

Liquid preparations may be dispensed in one of three ways. 
The pharmacist may dispense the product in its original con- 
tainer, buy the product in bulk and repackage it at the time 
a prescription is presented by the patient or compound 
the solution, suspension or emulsion in the dispensary. 
Compounding may involve nothing more than mixing mar- 
keted products in the manner indicated on the prescription or, 
in specific instances, may require the incorporation of active 
ingredients in a logical and pharmaceuticaUy acceptable man- 
ner into the aqueous or nonaqueous solvents which will form 
the bulk of the product. 

The pharmacist, in the first instance, depends on the phar- 
maceutical manufacturer to produce a product that is effec- 
tive, elegant and stable when stored under reasonably adverse 
conditions. Most manufacturers attempt to guarantee effi- 
cacy by evaluating their products in a scientifically acceptable 
manner but, in some instances, such efficacy is relative. For 
example, cough mixtures marketed bv two different manufac- 
turers may contain the same active ingredients and it becomes 
difficult to assess the relative merits of the two products. In 
such instances the commercial advantage gained by one over 
the other may be based on product acceptability and prefer- 
ence which includes such factors as color, odor, taste, pourabU- 
lty , uniformity and packaging. Two additional important fac- 
tors which must be considered in formulations are the stability 
of active and other ingredients, and the prevention of micro- 
bial contamination. 

The stability of the active ingredient in the final product is of 
prime concern to the formulator. In general, drug sub- 
stances are less stable in aqueous media than in the solid 
dosage form and it is important, therefore, to properly stabi- 
lize and preserve, in particular those solutions, suspensions 
and emulsions that contain water. Certain simple chemical 
reactions can occur in these products. These may involve an 
ingredient-ingredient interaction which implies a poor formu- 
lation, a container-product interaction which may alter prod- 
uct pH and thus, for pH-sensitive ingredients, be responsible 
for the subsequent formation of precipitates or a direct reac- 
tion with water, ie, hydrolysis. The stability of pharmaceuti- 
cal products is discussed in Chapter 38, 

The more complicated reactions usually involve oxygen 
Vitamins, essential oils and almost all fats and oils can be 
oxidized. Formulators usually use the word autoxidcUion 
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when the ingredient(s) in the product react with oxygen but 
without drastic external interference. Such reacdons fiS 

energy), peroxides or other labile compounds or heavy metals 
such as copper or iron. This initiation step resulte in SI 
formaUon of a free radical (R*) which then reacts witho^gen 

R* + 0 2 R0 2 * (peroxy radical) 
R0 2 * + RH -» ROOH + R» 

wveef Thi^ ' hUS re 8 eneral€d ™d reacts with more 
SactiS Pr0pagaU0n ste P is foUowe d by the termina- 

R0 2 * + R0 2 * -+ inactive product 



R0 2 * + R* inactive product 
R* + R* — ► inactive product 

IrEmft^ m 5 alS Canbe "^^izetl by using citric acid 
™,7?! ^V***™* agents. Antioxidants! however 

cals formed in the product. Examples of antioxidants are the 
propyl, octyl and dodecyl esters of gallic acid bS"d hv 
droxyanisole (BHA) andthetocophXor^taE Fori 

S^ Pr0 ^ i° prevention of oxSvedeSo- 
n™», m P^fc?"^ 5 . *e information provided by Con- 
nors el al should be consulted. A description of many anti 
oxidants is given in Chapter 80. 5 

nhH^ prob J em of . stability has been well-defined bv 
SSStT? . scientists - during the past few years a 

m S °T reSpeCtS ' n,ore serious Problem^ 
confronted the manufacturer of liquid preparations Such 
pharmaceutical* diverse products as baby lotted and muk of 
magnesia have been recalled from the market SSSe of 
nucrobial contamination. In a survey of retail paSes of 
Uquid antacid preparations containing magnShySoxWe 

S ZT£*f - 5% ° f ** SniShed b ° ttles -ere y coSu! 
™ P *T^™™s aeruginosa. The aerobic plate 
count ranged from less than 100 to 9,300,000 organ*™/* 

oZ P ^ d , Wan2 d , esCribe Preparations 

preserved adequately and thus are not able to resist microbial 

o?S Mt,0n - 0th . er 6Xamples could bc cit *d butSSSS 
?„^^°? an ? n l Which can cont aminate the Uquid prepia 

TWhi ^f* P 9 en *9 lr ^^ ^Staphylococcus aureus 
Bruch' describes the types of microorganisms found in vS 

STEfS ^T pt f 10 t valuate * e hazards — C-5 

use of nonatenle pharmaceuticals. Coates* in a 

consTderK. deSCribeS Various "fractions which mus?be 

xrtt en P reserv atives are selected. 
, J* 5 i recommends that certain classes of products be 
tes ed for microbial count and for specified indicator mloS 
bial contarrunants, eg, natural plant, animal and some mineral 
sSSon^ ^^Salrru^eUa sp; oral 

artiLsforS f ^ m , P «d S aureus and 

^ molds ' ^ ""'S^ adr ^istraUon, foryeasts 

^Products may become contaminated for a number of rea- 

Therawmaterialsusedinthemamifactureofsolutions susDension* =mH 

b * *• or bacterfa 5£ 

J^SLl in Sr^" *• n ° 0kSand CrCViCeS ^P>—aceu. 

•asrr -»^"-» - 

cleanliness^ ^72^^^ of conuminants. General 
in the nJ,f 3 , r d ^""Ss must be used by those involved 

manifesialnf 8 ™ ^ C ° UghS " hay fever otto aliergi,- 



m i™« consumer use may result in the introduction of 
microorganisms as a source of contamination, and this is of 
particular concern if the organism is pathogenic The con 
sumer should be instructed St the proper tedR id o 

sTrth^ C ^^ ati0nf and the manufacturer should 
sure through the use of suitable challenge tests, that the 

^K£35? appropriateiy ^ J ^ a --i: 

nrJJSJ fa «° rS Cit6d ab0Ve relate t0 8° od manufacturing 
However, the formulator should add a preservX 

to the product and decrease the probability of product 

con^ination. If the product contains wate? whiSta « 

'TIT €ment f0r microbial a"^. *t almost is ma^ 
datory to include a preservative in the formulation. Nearlv 
aU products described in this chapter contain water and S 
with certain exceptions, eg, aqueous acids, will support mfc£ 
^growth. Microb^swUlgrowmanaqueoussoLJ 
m the aqueous phase of multiphase systems such as emulsions 
and suspensions. It must be stressed that the addition of an 

to J^^^ 6 "^ * n ° Way replaces S° od manufactur- 
ing practice but merely provides further assurance that the 

utocs until it is used by the patient and for sometime thereaf- 

The major criteria that should be considered in selecting a 
preservative are as follows; it should be effec^vfagaSs! a 
wide spectrum of microorganisms, stable for its shelf life 
nontoxic, nonsensitizing, compatible with the ingredient^ Tto - 
^teSdor™ ' mexpensive ^ essentially relat^ely free of 

,n?ri^ d f!^ n t0 ^ t b0 u e ^^on, there are a number of 
specific factors which should be taken into account when a 
preservative is selected: 1 en a 

I' JJ esi !! of r use ' e 8.e««™al. Inwrnal or ophthalmic. 
prL^^^ M ' ^ ^ b0th ^ of the 

3. ^solvent, as this will affect the solubilitj- of the preservaUve. 

4 . Paruuorung into the oil phase of an emulsion, thereby reducine the 

concentrauon in the aqueous phase where preservative at^oSesX 

O. Adsorpuon onto the solid phase of a suspension, thereby reducine 
the concentration in the aqueous phase. * reducmg 

nfL i P «° C ! SSing Hnd P acka 8 in 8 variables such as heat, order of addition 
of the ingreri^nts, stirring or container materials. aaoition 
7. Type of dosage form, eg, solution, emulsion or suspension. 

Hono e !f rVatiV€s5, l may be S rou P* d into a number of classes 
depending upon their molecular structure and onlv a few 

^n U ' Sed ' K Ti l e reader should consult Chapter 80 or^S 
lected texts in the bibliography for further description 

«,^ C< ! h ? IS ~~ ELhano] is usefuJ M a Preservative when it is used as a 

fn^om^iirfo^' bB effeCtiVC ' T °° ^ a concentration may result in 
2S eS "\fuspension emulsion systems. Propylene glycol 
■too to used as a solvent in oral solutions and topical preparations and ft 

sion^ , 18 USed to*™** not °tiy in solutions but also in suspen 

% fn?n ' mUbl0RS - 0ther alcohoIs in concentration! ™ 
1% ; forpreservaove action, include chloroburanol and phenyie^yl 

25^ d ^ B nn?°l C haS a l0W SOlubilit >' in water ' ^out 0.34% at 

to o m ZTZT n rang 7f ed for inhibitoiy action varies from o.i % 

• • j y e nomomzed f orm is effective and therefore its use is 
estnetedto preparations withapH below 4.5. Sorbic^cM also nlsa^ow 

ac ion * m T ater ' °- 3% * 3 °°- SuiUble concentration^ ^ Jese^a 

° f 0 05 » ^ Preserve .alon to Ztl 

S«^of rl^S U h^^ u ' , ^ qy, u is onIy effective ln acid media - 

Ester^^ 6 b ° nd m ltS SlR,CtUre ' i! 13 Sub J eci 10 oxidation, 
methy? ettvl 0 ^; n y dro ^ben Z oic acid and include the 

creases £S£ mnW bU ? 1 deri ^ tiv€S " The solubility in water de- 
S^^fo^^i^ ^S^^ 5 rrom 0-25% for the methyl ester 

«rs «^ Sfl ? C K ° ncentralI °^ ^ *bout 0.2%. FrequenUy ; two 
E^on^ ^^on "i the same preparation. TOs achieves a 

n 2 ^Z' 00 ^ 15 " 15 ' Their ac ^>* to reduced in the presence 
Suon J^I aCUV ^ a S ents due ^ binding. I„ alkaJine solutiom i! 

Sit / r ^ thiS redUC6S Lheir activit >" in add "i^. hy d ^ 
iytic decomposiuui i of the ester group occurs with a loss of activity 
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Quaternary Ammonium Compounds— Benzalkonium chloride is a 
mature consisting principally of the homologs C, 2 H 2I) and C„H». This 
preservative is used at a relatively low concentration, 0.002 to 0.02% 
depending on the nature of the pharmaceutical product. This class of 
compounds has an optimal acUvity over the pH range of 4 to 1 0 and is quiie 
stable at room temperature. Because of the catlonic nature of this type of 
preservative, li is Incompatible with many anionic compounds such as 
surfactants and can bind to nonionic surfactants. It is used generally in 
preparations for external use or those solutions which come in contact 
wiln mucous membranes. 

It now should be obvious that when the pharmacist dis- 
P -t"ri s or com POunds the various liquid preparations respon- 
sibuity is assumed along, with the manufacturer, for the main- 
ter.ar.ee of product stability. The USP includes a section on 
stability considerations in dispensing, which should be stud- 
ied ui detail. Certain points are self-evident. Stock should 
be rotated and replaced if expiration dates on the label so 
indicate. Products should be stored in the manner indicated 
in the compendium; eg, in a cool place or a tight, light- 
resistant container. Further, products should be checked for 
evidence of instability. With respect to solutions, elixirs and 
syrups, color change, precipitation and evidence of microbial 
or chemical gas formation are major signs of instability 
Emulsions may cream but if they break (ie, there is a separa- 



m . phaae) tixe producl ls considered to be unstable 
ftv^rt Q ° n ^ ^ are prilnary indications of instS 

& <f nS '° nS - presence of lar « e P^cles may mean 
that excessive crystal growth has occurred 

The USP states that if the product must be repackaged, care 

,,«H if7 P b 3 ? atably opaque p,astic container should be 
used a light-resistant container is specified. If a product is 

SSSfl.-h'S!^ *T Pr . 0d . UCtS mixed ' * e Pharmacist 
SS n er £uwrt«>*e to guard against incompatibil- 

^ antibi0tic P^Pamions constituted 
mto liquid form should never be mixed with other products 

™n a ^ €miCal 8U ^ Sy ° f e ^ m P^eously prepaid lS 
preparations is unknown, their use should be rrunimized and 
every care taken to Insure that product characteristics will not 
change during the time it must be used by the patient 
JzT^* ^."nmberof excipients and additives in these 
preparations, it is recommended that all the ingredients be 
htrl c contau,er 10 red «ce the risks which confront 

Rnoif *k l paUents when ^ P roducts ** administered, 
finally, the pharmacist should inform the patient reeardine 

£f appr ° p u riate use of ** Product, the proper storage cond* 
tions and the time after which it should be discarded 



Solutions 



Aqueous Solutions 



A solution is a homogeneous mixture that is prepared bv 
dissolving a solid, liquid or gas in another liquid and repre- 
sems a group of preparations in which the molecules of the 
solute or dissolved substance are dispersed among those of 
the solvent. Solutions also may be classified on the basis of 
physic^ or chemical properties, method of preparation, use 
physical state, number of ingredients and particle size The 
narrower definition in this subsection limits the solvent to 
water and excludes those preparations that are sweet and/or 
viscid in character and nonaqueous solutions. This section 
includes, therefore, those pharmaceutical forms that are des- 
gnated I as Water, Aromatic Waters, Aqueous Acids, Solu- 
tions Douches, Enemas, Gargles, Mouthwashes, Juices 
Nasal Solutions, Ot.is. Solutions and Irrigation Solutions. ' 

Water 

The major ingredient in most of the dosage forms described 

Wate i' fl 11 iS 1156(1 both 35 a vehicle and ^ a solvent 
for the desired flavoring or medicinal ingredients. Its law- 
lessness freedom from irritating qualities and lack of pharma- 
cological activity make it ideal for such purposes. There is 
however, a tendency to assume that its purity is constant and 

cZ ^•, be -. St0 ? d ' h ! nd,ed md w ™ a minimum 
care. While it is true that municipal supplies must comply 

with Environmental Protection Agency CEPA) regulations (or 

comparable regulations in other countries), drinking water 

K,rthi eP T fied before k can be used m Pharmaceuticals, 
r or turther information on water, see Chapter 23 

Five of the six solvent waters described in the USP are used 

pL2* Jrfw r ? B0n ° f parenteraIs . irrigations or inhalations. 
Purified Water must be used for all other pharmaceutical 
operations, dosage forms and, as needed, in all USP tests and 
assays. It must meet rigid specifications for chemical purity 
Such water may be prepared by distillation, by use of ion- 
exchange resms or by reverse osmosis. 
A wide variety of commercially available stills are used to 

fhe JtaotSS Sir 16 ;- The e , nd 1156 of P roduct di ctates 
? ^ and extent of Pretreatment of the drinking 
water introduced into the system. A description of stills il 
provided in Chapter 87. Such water may be sterile provided 
the condenser is sterile, but to be called sterile it must be 
subjected to a satisfactory sterilization process. However it 



has been shown that P aeruginosa (and other microorgar,- 
jsrns) can grow in the distilled water produced in hospitals. 
The implications of this are obvious. Sterile water may be 
sterile i at the time of production but may lose this characteris- 
tic if it is stored improperly. Hickman et al, ■ by regrouping 
the components of conventional distillation equipment, have 
described a method for the continuous supply of sterile, ultra- 
pure water. Quality-control procedures for monitoring the 
microbiological quality of water should be performed in the 
pharmaceutical manufacturer's production facilities 

The major impurities in water are calcium, iron, magne- 
sium manganese, silica and sodium. The cations usually are 
combined with the bicarbonate, sulfate or chloride anions. 
Hard waters are those that contain calcium and magnesium 
cations. Bicarbonates are the major impurity in "alkaline" 
waters. 

Ion-exchange (denization, demineralization) processes 
will remove most of the major impurities in water efficiently 
and economically. A cation exchanger, H,R. first converts 
bicarbonates, sulfates and chlorides to their respective acids, 



CaS0 4 
MgS0 4 
NaaSC^ 
Ca(HC0 3 ) 2 
Mg(HC0 3 ) 2 
2NaHC03 



+ H 2 R 



Ca 
Mg 
Nao 
Ca 

- H 2 R - Mg 



R + H 2 SO„ 



R + 2H,C0 3 



Naj 

Carbonic acid decomposes to carbon dioxide (which is re- 
moved by aeration in the decarbonator) and water 

I he anion exchanger may contain either a weakiv basic or a 

r.>?n^ f' 0 an T reS > adsorb sulfuric, hydrochlo- 

ric and nitnc acids. Chemical reactions may involve com- 
plete adsorption or an exchange with some other anion. 

H 2 S0 4 + A-*A • H 2 S0 4 

Ih^l™ ^° ntamS 8 hydroxyl S rou P. water is formed during 
the purification process. 

H^S0 4 + 2AOH -A.SO, + 2H,0 



1498 CHAPTER 86 



Weakly dissociated carbonic and silicic acids can be removed 
only by strongly basic anion resins. 

H 2 Si0 3 + 2A0H -> A 2 Si0 2 + 2H 2 0 

Unit capacity varies with the nature of the installation, but it is 
possible to process as much as 1 5 ,000 gal of water/min. 

Deionization processes do not necessarily produce Purified 
Water which will comply with EPA requirements for drinking 
water. Resin columns retain phosphates and organic debris 
Either alone or in combination, these substances can act as 
growth media for microorganisms. Observations have shown 
that deioiuzed water containing 90 organisms/mL contained 
after 24.hour storage, 1 0* organisms/mL. Columns can be 
cleaned partially of pseudomonads by recharging , but a 0 25% 
solution of formaldehyde will destroy most bacteria The 
column must be washed thoroughly and checked for the ab- 
sence of aldehyde (with a Schiffs Reagent) before it can be 
used to generate deionized water. 

Ultraviolet radiant energy (240-280 nm), heat or filtration 
can be used to limit the growth, kill or remove microorga- 
nisms in water. The latter method employs membrane filters 
and can be used to remove bacteria from heat-labile materials 
as described under membrane filters in Chapter 84. 

The phenomenon of osmosis involves the passage of water 
from a dilute solution across a semipermeable membrane to a 
more concentrated solution. Flow of water can be stopped 
by applying pressure, equal to the osmotic pressure to the 
concentrated solution. The flow of water can be reversed by 
applying a pressure, greater than the osmotic pressure The 
process of reverse osmosis utilizes the latter principle* by 
applying pressure, greater than the osmotic pressure, to* the 
concentrated solution, eg, tap water, pure water may be ob- 
tained (see -Reverse Osmosis in Chapter 37). 

Cellulose acetate is used in the manufacture of semiperme- 
able membranes for purifying water by reverse osmosis, 
inis polymer has functional groups that can hydrogen-bond 
to water or other substances such as alcohol. The water 
molecules which enter the polymer are transported from one 
bonding site to the next under pressure. Because of the thin 
layer of pure water strongly adsorbed at the surface of the 
membrane, salts, to a large extent, are repelled from the 
surface, the higher-valent ions being repelled to a greater 
extent, thus causing a separation of ions from the water 
Organic molecules are rejected on the basis of a sieve mecha^ 
nism related to their size and shape. Small organic mol- 
ecules with a molecular weight smaller than approximated 
<suu will pass through the membrane material. Since there 
are few organic molecules with a molecular weight of less than 

* m the , xnu ? lcl Pal water supply, reverse osmosis usually is 
sufficient for the removal of organic material. The pore sizes 
of the selectively permeable reverse-osmosis membranes are 
between 5 and 1 00 A. Viruses and bacteria larger than 1 00 A 
are rejected if no imperfections exist in the membrane The 
membranes may and do develop openings which permit the 
passage of microorganisms. Because of the semistatic con- 
ditions, bacteria can grow both upstream and downstream of 
the membrane. Improvements in membranes are being made 
continually in type and manufacturing process such as the use 
of po yamide materials. It is expected that the preparation 
of water with negligible or no bacteria present will be achieved 
by this process. 

The selection of water-treatment equipment depends upon 
we quality of water to be tested, the quality of water required 
and the specific pharmaceutical purpose of the water 
rYequently, two or more methods are used to produce the 
water desired, for example, filtration and distillation, or filtra- 
tion, reverse osmosis and ion exchange. 

Aromatic Waters 

^™.f»? UeTSi also 35 medicated waters, are clear, 
saturated aqueous solutions of volatile oils or othei 1 aromatic 

S nfth^ bSUnCeS * , ^ Odors tod ™ *imi£r o 
those of the drugs or volatde substances from which they are 



Sue a f e £ Sed P™ ci P*Uy as flavored or perfumed 
2u , v ^ omatIC Waters ™y be prepared by distillation or 
solution of the aromatic substance with or without the use of a 
dispersing agent such as talc. Peppermint Water USP and 
Stronger Rose Water USP are examples of aromatic waters. 

Other methods have been suggested for preparing aromatic 
waters based on the use of soluble concentrates or on mcorpo* 
ration of solubihzing agents such as polysorbate 20 

Concentrated waters eg, peppermint, dill, cinnamon and 
caraway, may be prepared as follows: 

,nffi^°l Ve - 2 ?- 1 ?' ° f voUtiIe oil in 600 of 90< * e*M»l. Add 
sufficient purified water m successive small portions to produce 1 000 mL 

Shake vigorously after each addition. Add 50 g of sterilized purified talc' 
shake occasionally for several hours and filter. 

The aromatic water is prepared by diluting the concentrate 
with 39 tunes its volume of water. 

The chemical composition of many of the volatile oils is 
known and suitable synthetic substances may be used in pre- 
paring pharmaceuticals and cosmetics. Similarly, many syn- 
tnetic aromatic substances have a characteristic odor* eg 
geranyl phenyl acetate has a honey odor. Such substances 
either alone or in combination, can be used in nonofficial 
preparations. Additional information regarding the appropri- 
ate preparation of aromatic waters is provided in RPS-18 
Chapter 83, and RPS-1 7, Chapter 84 . 

The principal difficulty experienced in compounding pre- 
scriptions containing aromatic waters is due to a ' 'salting out" 
action of certain ingredients, such as very soluble salts, on the 
votattle principle of the aromatic water, A replacement of 
part of the aromatic water with purified water is permissible 
when no other function is being served than that of a vehicle 

Preservation— Aromatic waters will deteriorate with time 
and should, therefore, be made in small quantities and pro- 
tected from intense light, excessive heat and stored in airtight 
light-resistant containers. ' 

Aqueous Acids 

, official inorganic acids and certain organic acids, al- 
though of minor significance as therapeutic agents, are of 
great importance in chemical and pharmaceutical manufac- 
turing. This is especially true of acetic, hydrochloric and 
nitric acids. 

Percentage Strengths— Many of the more important inor- 
ganic : acids are available commercially in the form of concen- 
trated aqueous solutions. The percentage strength varies 
trom one acid to another and depends on the solubility and 
stability of the solute in water and on the manufacturing 
£^ w^T' ° fficiaI Hy dearie Acid contains from 

film o 7^ y u Weight , 0f HC1 ' whereas Nitric Aci <* contains 
from 69 to 71% by weight of HN0 3 . 

Because th e strengths of these concentrated acids are stated 
m terms of % by weight, it is essential that specific gravities 
also be provided if one is to be able to calculate conveniently 
the amount of absolute acid contained in a unit volume of the 
solution as purchased. The mathematical relationship in- 
volved is given by the equation M = V x S x F, where M is the 
mass in g of absolute acid contained in VmL of solution having 
a specific gravity S and a fractional percentage strength F, 

"ydrocWoric Acid containing 36.93% by 
weight of HC1 has a specific gravity of 1.1875. Therefore, 
the amount of absolute HC1 supplied by 100 mL of this solu- 
tion is given by: 

M = 100 x 1.1875 x 0.3693 - 43.85 g HC1 

ArSj^^^t"^* 011 * many of the tactions char- 
acteristic of acids offer opportunities for incompatibilities, 

? 6 ° 8ufficient ^portance to require more than 

u^fh rK men + n ' „ Acids md acid 88118 decompose carbonates 
with liberation of carbon dioxide and t in a closed container, 
sufficient pressure may be developed to produce an explosion, 
inorganic acids react with salts of organic acids to produce the 
free organic acid and a salt of the inorganic acid. If in- 
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soluble, the organic acid will be precipitated. Thus, salicylic 
acid and benzoic acid are precipitated from solutions of salicy- 
lates and benzoates. Boric acid likewise is precipitated from 
concentrated solutions of borates. By a similar reaction, 
certain soluble organic compounds are converted into an 
insoluble form. Phenobarbital sodium, for example, is con- 
verted into phenobarbita] which will precipitate in aqueous 
solution. 

The ability of acids to combine with alkaloids and other 
organic compounds containing a basic nitrogen atom is used 
in preparing soluble salts of these substances. 

It should be borne in mind that certain solutions, syrups, 
elixirs and other pharmaceutical preparations, may contain 
free acid, which causes these preparations to exhibit the incom- 
patibilities characteristic of the acid. 

Acids also possess the incompatibilities of the anions which 
they contain and, in the case of organic acids, these are 
frequently of prime importance. These are discussed under 
the specific anions. 

Diluted Acids— The diluted acids in the USP are aqueous 
so utions of acids, of a suitable strength (usually 1 0% w/v but 
Uuuted Acetic Acid is 6% w/v) for internal administration or 
for the manufacture of other preparations. 

The strengths of the official undiluted acids are expressed 
as percentages w/w, whereas the strengths of the official 
diluted acids are expressed as percent w/v. It. therefore 
becomes necessary to consider the specific gravities of the 
concentrated acids when calculating the volume required to 
make a given quantity of diluted acid. The following equa- 
tion will give the number of mL required to make 1 000 rnL of 
diluted acid: 

Strength of diluted acid x 1QQQ 

Strength of undiluted acid x S p gr of undiluted acid 

Thus, if one wishes to make 1 000 mL of Diluted Hydrochloric 
Acid USP using Hydrochloric Acid which assays 37.5% HC1 
(sp gr 1 . 1 8), the amount required is 



10 x 1000 
37.5 x 1.18 



= 226 mL 



Diluted Hydrochloric Acid USP has been used in the treat- 
ment of achlorhydria. However, it may irritate the mucous 
membrane of the mouth and attack the enamel of the teeth 
The usual dose is 5 mL, well-diluted with water. In the treat- 
ment of achlorhydria no attempt is made to administer more 
than a relief-producing dose. 

Solutions 

A solution, in the present context, is a liquid preparation 
that contains one or more soluble chemical substances dis- 
solved m water. The solute usually is nonvolatile. Solu- 
tions are used for the specific therapeutic effect of the solute 
either internally or externally. Although the emphasis here 
is on the aqueous solution, certain preparations of this type 
such as syrups, infusions and decoctions have distinctive charac- 
teristics and, therefore, are described later in the chapter 

Solvents, solubility and general methods for the incorpora- 
tion of a solute in a solvent are discussed in Chapter 1 6 So- 
lutions are usually bottled automaticallv with equipment of 
the type shown in Fig. 1 . 

Preparation — A specific method of preparation is given in 
the compendia for most solutions. These procedures fall 
into three main categories. 

Simple Solutions— Solutions of this type are prepared by dissolvine 
the solute in most of the solvent, mixing until dissolved, then adding 
sufficient solvent to bring the solution up to the proper volume The 
solvent may contain other ingredients which stabilize or solubilize the 
active ingredient. Calcium Hydroxide Topical Solution USP (Lime Wa- 
ter) Sod.um Phosphates Oral Solution USP and Strong Iodine Solution 
Ubr are examples. 

ih^in™ ^'^de Topical Solution contains, in each 1 00 mL, not less 
than HO mg of CaCOH;,. The solution is prepared by agitating vigor- 



nwsly 3 g of cakium hydroxide wrth lOOOmLof cool, purified water. Ex- 
cess calcium hydroxide is allowed to settle out and the clear, supernatant 
liquid dispensed. 

An increase in solvent temperature usually implies an increase in solute 
solubility. This rule does not apply, however, to the solubility of calcium 
hydroxide in water which decreases with increasing temperature. The 
official solution is prepared at 25°. 

Solutions containing hydroxides react with the carbon dioxide in the 
atmosphere. 

OH" 4 C0 2 — HC0 3 " 

OH- + HC0 3 " -> C0 3 2 " + H 2 0 

Calcium Hydroxide Topical Solution, therefore, should be preserved in 
well-filled, tight containers, at a temperature not exceeding 25* 

Strong Iodine Solution contains, in each 100 mL, 4.5-5.5 g of iodine 
and 9.5-10.& g of potassium iodide. It is prepared by dissolving 50 g of 
iodine m 100 ml of purified water containing 100 g of potassium iodide, 
buttcient purified water then is added to make 1 000 mL of solution 

One g of iodine dissolves in 2950 mL of water. However, solutions of 
iodides dissolve large quantities of iodine. Strong Iodine Solution is 
therefore, a solution of polyiodides in excess iodide. 

I" + nl 2 - l' t , n . yt 
Doubly charged anions may be found also 



21- + nl, - p- (2p . 



21 



Strong Iodine Solution is used in the treatment of iodide deficiencv disor- 
ders such as endemic goiter. 

Several antibiotics (eg, cloxacillin sodium, nafcillin sodium and vanco- 
mycin) because they are relatively unstable in aqueous solution are 
prepared by rnanufacturers as dry powders or granules in combination 
with suitable buffers, colors, diluents, dispersants. flavors and/or 
T eS ' TheSe PreP^Mtons. CloxaciUin Sodium for Oral Solution 
Nafcilhn for Oral Solution and Vancomycin Hydrochloride for Oral Solu- 
tion meet the requirements of the USP. Upon dispensing to the patient, 
the pharmacist adds the appropriate amount of water. The products are 
stable for up to 1 4 days when refrigerated. This period usuallv provides 
sufficient time for the patient to complete the administration" or all the 
medication. 

Solution by Chemical Reaction— These solutions are prepared by 
reacting two or more solutes with each other ir. a suitable solvent An 
example is Aluminum Subacetate Topical Solution USP 

^uminum sulfate (1 45 g) is dissolved in 600 mL of cold water The 
solution 15 filtered, and precipitated calcium carbonate (70 g) is added in 
several portions, with constant stirring. Acetic acid ( 1 60 mLUs added 
slowly and the mixture set aside for 24 hr. The product is filtered and the 
magma on Uie Biichner filter washed with cold water until the total filtrate 
measures 1 000 mL. 

The solution contains pentaquohydroxo- and tetraquodihvdroxoalumi- 
num (III) acetates and sulfates dissolved in an aqueous medium saturated 
with calcium sulfate. The solution contains a small amount of acetic acid 
Jt is stabilized by the addition of not more than 0.9% boric acid 

The reactions involved in the preparation of the solution are given 

♦ \ * €XaqU ° aluminum cati0 "* fi"t are converted to the nonirri- 
uumg [Al(H 2 OMOlI)r and |AlCH 2 0) 4 (OH),r cations. 

lAlCH^p + CO/" - [Al(H 2 O) 5 (0H)F- + HCO : f 
[Al(H s O) 6 p- + HCO :) - - [Al(H 2 0) fl (OH)F + + H-.0 4- CO, 

As the concentration of the hexaquo cations decreases, secondary reac- 
tions involving carbonate and bicarbonate occur. 

[AKH a O) 6 (0H)p* + CCV- - lAJCH^COH),]- + HCO :] - 
tAl(H,0),(OH)l^ + HCOsT - [Al(H 2 OUOH) 2 ]- + H,CO :J 
The pH of the solution now favors the precipitation of dissolved calcium 
Jons as the insoluble sulfate. Acetic acid now is added. The bicarbonate 
dtaide ^ ^ SUgeS ° f LhC procedure is removed ^ carbon 

Aluminum Subacetate Topical Solution is used in the preparation of 
Aluminum Acetate Topical Solution USP (Burows Solution). The latter 
soluuon contains 15 mL of glacial acetic acid, 545 mL of Aluminum 
Subacetate Topical Solution and sufficient water to make 1000 mL It is 
defined as a solution of aluminum acetate in approximately 5%, bv weight 

.rfM! Uti0n b5 ' E 1 xtractlon — Drags or pharmaceutical necessities of veg- 
etable or animal origin often are extracted with water or with water 
containing other substances. Preparations of this type mav be classified 
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A rotary gravity bottte filler (courtesy, US Bottlers). 



as solutions but, more often, are classified as extracts and are described at 
the end of this chapter. 

Douches 

A douche is an aqueous solution directed against a part or 
into a cavity of the body. It functions as a cleansing or 
antiseptic agent. An eye douche, used to remove foreign 
particles and discharges from the eyes, is directed gently at an 
obuque angle and allowed to run from the inner to the outer 
corner of the eye. Pharyngeal, douches are used to prepare 
the interior of the throat for an operation and cleanse it in 
suppurative conditions. Similarly, there are nasal, douches 
and vaginal douches. Douches usually are directed to the 
appropriate body part by using bulb svringes (Chapter ] 07) 

Douches most frequently are dispensed in the form of a 
powder with directions for dissolving in a specified quantity of 
water (usually warm). However, tablets for preparing solu- 
tions are available (eg, Dobell's Solution Tablets) or the solu- 
tion may be prepared by the pharmacist. If powders or tab- 



lets are supplied, they must be free from insoluble material, in 
order to produce a clear solution. Tablets are produced by 
the usual processes (see Chapter 92) but any lubricants or 
diluents used must be readily soluble in water. Boric acid 
may be used as a lubricant and sodium chloride normally is 
used as a diluent. Tablets deteriorate on exposure to moist 
air and should be stored in airtight containers. 

Douches are not official as a class of preparations but sev- 
eral substances in the compendia frequently are emploved as 
such m weak solutions, eg, benzaikonium chloride is used in 
various douches and Compound Sodium Borate Solution VFXI 
(Dobell's Solution) has been used as a nasal or pharyngeal 
douche. A sodium bicarbonate vaginal douche has been used 
to improve the postcoital test. 

Vaginal douches are the most common type of douche and 
are used for cleansing the vagina and hygienic purposes. 
Liquid concentrates or powders, which may be prepared in 
bulk or as single-use packages, should be diluted or dissolved 
in the appropriate amount of warm water prior to use. The 
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ingredients used in vaginal douches include antimicrobial 
agents such as benzalkonium chloride, the parabens or chloro- 
thymol, anesthetics or antipruritics such as phenol or menthol. 
Astringents such as zinc sulfate or potassium alum, surface- 
active agents such as sodium lauryi sulfate and chemicals to 
alter the pH such as sodium bicarbonate or citric acid also are 
used. 

Enemas 

These preparations are rectal injections employed to evacu- 
ate the bowel (evacuation enemas), influence the general sys- 
tem by absorption or to affect locally the seat of disease. The 
latter two are called retention enemas. They may possess 
anthelmintic, nutritive, sedative or stimulating properties, or 
they may contain radiopaque substances for roentgeno- 
graphs examination of the lower bowel 

Sodium chloride, sodium bicarbonate, sodium monohydro- 
gen phosphate and sodium dihydrogen phosphate are used in 
enemas to evacuate the bowel. These substances may be 
used alone, in combination with each other or in combination 
with irritants such as soap. Enema of Soap BPC 1963 is 
prepared by dissolving 50 g of soft soap in sufficient purified 
water to make 1000 mL of enema. Sodium Phosphate En- 
ema USP contains 6 g of dibasic sodium phosphate heptahy- 
drate and 16 g of monobasic sodium phosphate monohy orate 
in each 100 mL. Evacuation enemas usually are given at 
body temperature in quantities of 1 to 2 pt injected slowly with 
a syringe. 

An official retention enema used for systemic purposes is 
aminophylline. Retention enemas are to be retained in the 
intestine and should not be used in larger quantities than 1 50 
mL for an adult. Usually, the volume is considerably smaller, 
such as a few mL. Microenerna is a term used to describe 
these small-volume preparations. Vehicles for retention mi- 
croenemas have been formulated with small quantities of 
ethanol and propylene glycol, and no significant difference in 
irritation, as compared with water, was found. A number of 
other drugs such as valproic acid, indomethacin and metroni- 
dazole have been formulated as microenemas for the purpose 
of absorption. The absorption of large molecular weight 
drugs, such as Insulin, is under current investigation. 

Sulfasalazine rectal enema has been administered for the 
treatment of ulcerative colitis and may be prepared by dispers- 
ing the tablets ( 1 -g strength) in 250 mL water. An enema in 
the form of a suspension is 5-aminosalicylic acid, 168 g* 
NaH 2 P0 4 , 1.6 g; Na 2 HP0 4) 17.9 g; NaCl, 36 g; sodium ascor- 
bate, 2 g; tragacanth, 16 g; methylparaben, 8 g; propylpara- 
ben, 2 g; propylene glycol, 100 mL; and distilled water to 
make 4000 mL. It has been prepared by Montgomery et a/ 8 
and shown to be stable for 90 days at both room and refrigera- 
tor temperatures. Barium sulfate enema contains 120 g of 
barium sulfate, 100 mL of acacia mucilage and sufficient 
starch enema to make 500 mL. An enema containing 30 to 
50 g of sodium polystyrene sulfonate has been prepared using 
100 mL of sorbitol solution. 

Starch enema may be used either by itself or as a vehicle for 
other forms of medication. A thin paste is made by triturat- 
ing 30 g of powdered starch with 200 mL of cold water. 
Sufficient boiling water is added to make 1000 mL of enema. 
The preparation then is reheated to obtain a transparent liquid. 

Gargles 

Gargles are aqueous solutions frequently containing antisep- 
tics, antibiotics and/or anesthetics used for treating the phar- 
ynx and nasopharynx by forcing air from the lungs through 
the gargle which is held in the throat; subsequently, the gargle 
is expectorated. Many gargles must be diluted with water 
prior to use. Although mouthwashes are considered as a 
separate class of pharmaceuticals, many are used as gargles, 
either as is, or diluted with water. 

A gargle/mouthwash containing the antibiotic tyrothricin 
has been shown to provide levels of gramicidin, a component 



of tyrothricin, in saliva when used as a gargle rather than a 
mouthwash. Higher saliva levels of gramicidin were ob- 
tained when a lozenge formulation was employed. Rapid 
relief of pharyngeal and oral pain was obtained when Cepa- 
caine solution, which contains a topical anesthetic, was used 
as a gargle. 

Potassium Chlorate and Phenol Gargle is official in the 
PC. It contains potassium chlorate, 30 g, patent blue V (Color 
Index No 42051) commercial food grade (0.01 g), liquified 
phenol Q 5 mL) and waterfor preparations qs to lOOOmL. It 
should be diluted with 1 0 volumes of warm water before use. 
The product should be labeled so that it cannot be mistaken 
for preparations intended for internal administration. 

A flavored solution containing 7.5% povidone-iodine and 
35% alcohol Qsodine) is available commercially as a mouth- 
wash or gargle after suitable dilution. 



Mouthwashes 

A moutliwash can be used for two purposes, therapeutic 
and cosmetic. Therapeutic rinses or washes can be formu- 
lated to reduce plaque, gingivitis, dental caries and stomatitis. 
Cosmetic mouthwashes may be formulated to reduce bad 
breath through the use of antimicrobial and/or flavoring 
agents. 

Recent information indicates that mouthwashes are being 
used as a dosage form for a number of specific problems in the 
oral cavity; for example, mouthwashes containing a combina- 
tion of antihistamines, hydrocortisone, nystatin and tetracy- 
cline have been prepared from commercially available suspen- 
sions, powders, syrups or solutions for the treatment of 
stomatitis, a painful side effect of cancer therapy. Other 
drugs include aliopurinol, also used forthetrcatmcntof stoma- 
titis, pilocarpine for xerostoma (dry mouth), tranexamic acid 
for the prevention of bleeding after oral surgery, amphotericin 
B for oral candidiasis, chlorhexidine gluconate for plaque 
control and hexetidine as an antibactericidal and antifungal 
agent. 

Mouthwashes may be used for a number of other purposes; 
for example, cetylpyridinum chloride and dibucaine hydrochlo- 
ride mouthwashes provide satisfactory relief of pain in pa- 
tients with ulcerative lesions of the mouth, mouthwashes or 
creams containing carbenoxolone are highly effective dosage 
forms for the treatment of orofacial herpes simplex infections 
and undetected oral cancer has been recognized using tolu- 
idine blue in the form of a mouth rinse. 

Mouthwashes generally contain four groups of excipients 
as suggested by Tricca. 9 

Alcohols — Alcohol is often present in the range of 1 0-20%. 
It enhances the flavor, provides a certain sharpness to the 
taste, aids in masking the unpleasant taste of active ingredi- 
ents, functions as a solubilizing agent for some flavoring agents 
and may function as a preservative. Humectants such as 
glycerin and sorbitol, may form 5-20% of the mouthwash. 
These agents increase the viscosity of the preparation and 
provide a certain body or mouth feel to the product. They 
enhance the sweetness of the product and, along with the 
ethanol, improve the preservative qualities of the product. 

Surfactants, usually of the nonionic class such as polyoxy- 
ethylene/polyoxypropylene block copolymers or polyoxyeth- 
ylene derivatives of sorbitol fatty acid esters may be used. 
The concentration range is 0. 1-0.5%. An anionic surfactant 
occasionally used is sodium lauryi sulfate. Surfactants are 
used because they aid in the solubilization of flavors and in the 
removal of debris by providing foaming action. Cationic 
surfactants such as cetylpyridinium chloride are used for their 
antimicrobial properties, but these tend to impart a bitter 
taste. 

Flavors are used in conjunction with alcohol and humec- 
tants to overcome disagreeable tastes, and at the same time 
they must be safe to use. The principle flavoring agents are 
peppermint, spearmint, cinnamon, wintergreen oils, menthol 



1502 CHAPTER 86 



salicylate Other flavoring agents may be used 
singly or in combination. 

Coloring agents also are used in these products 
„l e nn P !? te of commerce (eg, Cepacol, Listerine, Micrin 
Zl S c op«) v ary widely m composition. Antiseptic. Solution 
and Mouthwash are described in NF XII. The latter wash 
contains sodium borate .glycerin and potassium bicarbonate. 
The reactions which take place when these substances are 
dissolved in water are given below. 



CH,OH 
2C 



HOH + B(OH),— 



CH.OH 



HOCH. 



I 



CH,OH 

CH— O 0— CH 

I \ y i 

B 

i / \ 
CH r -0 O— CH, 



H++ 3HsO 



'CH,OH 



K + 



KHCO, 



HOCH s n " 
CH— O O— CH 
B 

• / \ 

LCH,0 O-CHj 
+ H,0 + CO. 



Compound Sodium Chloride Mouthwash and Zinc Sulphate 
Mouthwash are described in the BP and the PC, respectively 
The former wash contains sodium chloride, sodium bicarbon- 
ate concentrated peppermint emulsion and double-strength 

doSfTT- ^P^^lycompoundedprepS 
£Z , £ udea llopunnol at a strength of about 0. 1 % prepared 
from tablets in a suspending vehicle of 0.5% methylcellulose 

ZT' 6 K nd flav ? reA Modifications of this preparauon 
have been shown to have considerable stability. 

Juices 

A juice is prepared from fresh ripe fruit, is aqueous in 
Sf ta ««* * making syrups which are er^loyed £ 
n ttiH , ? n freS ^ y expressed juice is preserved with ben- 
zoic acid and allowed to stand at room temperature for several 

££; h k u the pectins which naturaU y ™ present 

stroyed by enzymatic action, as indicated by the filtered iuice 
yielding a clear solution with alcohol. Pectins, a allowed to 
remain , would cause precipitation in the final syrup 
yv^™ CRPS-18 page 1320) is described in the USP 
" Sfr Mce ^ U |P XVin. Concentrated Rasp 
berry Juice PC is prepared from the clarified juice of 
raspberries. Pectinase is stirred into pulped raspberries and 
the mixture allowed to stand for 12 hLs TheTulp is 
pressed, the juice clarified and sufficient sucrose added to 
adjust the weight at 20° to 1 .050 to 1 .060 g per mL The juice 
gen is concentrated to one-sixth of its original volume 
prel'eS * metabisulfi ^ addedTa 

h,^ 0 ^^ n ° whav ' e replaced many ofthe natural fruit 
juices. Althoughtheylacktheflavorofthenaturaljuice thev 
«uu .*? fn aWe eaSier 10 Corporate into the final p£rn£ 
ceutical form. Commercial juices such as orange, appl* 
grape and mixed vegetables have been used recently to 5£' 
m a zatidTne emP ° rane0US P^" 0 ™ <* chol«JSS£ and 

pffl n /H rm ? U ° n on , cranberry juice indicates that it may be 
5SS m COntroUin 8 som * tract infections and urc! 

Nasal Solutions 

w*^ 1 S0lutlons are us ually aqueous solutions designed to 
be administered to the nasal uassas^ \n h™.„ 
Whit* man., «<• *u j passages in drops or sprays, 

wnile many of the drugs are administered for their local 
sympathomimetic effect such as Ephedrine Sulfate or Naph J 



zoline Hydrochloride Nasal Solution USP, to reduce nasal 

SSSSl&P fe h mC i? P re P^ions, Lypress" S 
f»r»H . S r nd ^oc" 1 Nasal Solution USP, are adminte- 
tered m spray form for their systemic effect for the treatment 
of diabetes insipidus and miUc letdozvn prior to brS?£2 
tTI:r a SP rf eCtiVely - 71,6 curTent route of atetaisSSS W 

t WaL u, the gastrointestinal tract. As a result 

*?£ * c ° ns,derable search on intranasal delivery of these 
SEE- ^ 35 31,41088 of enk ephalins or luteirUring homS£ 
releasing hormone and insulin. Other drugs which are ab- 
sorbed poorly from the GI tract such as gentaSiidnSfete are 
being administered in the form of nasal soEns. uT 2?« ™ 
obtain appropriate blood levels. '»™eru> 
Nasal solutions are prepared so that they are simUar in 
many respects to nasal secretions, so that normal ciliary ac- 
tum is maintained. Thus, the aqueous nasal solutions usually 
are isotonic and slightly buffered to maintain a pH ofTs to 

i»M in ophthalmic preparations, and appropriate drug stabi- 
lizers, if required, are included in the formulation 
i.*t^T erda / 113531 Preparations, in addition to the drugs 

^rtlt 6 als ° m , clude antibiotics, antihistamines and drugs 
for asthma prophylaxis . ^ 

A formula for Ephedrine Nasal Drops PC is 

Ephedrine Hydrochloride. n = 

Chlorobutanol ' - g 

Sodium Chloride ... 8 

waterfor P rep«ations u> 10o ^l 

maWvl^^ 65 '^ff that nasal s ^ s are deposited 
tW^TJ atnumand dea red slowly into the pharynx with 
srX hTn £ *" ^"8^ Position. Drops spread moreexten- 
tZ spra y a" d three drops cover most ofthe walls of 
5t PriS aVl £' W1 * *e Patient in a supine posiUon and head 

SS^E* tUmed 1Cft 31,11 right U * suggested that drop 
delivery, with appropriate movement by the patient, leads to 
extensive coverage of the walls of the nasal cavity. ' 

Otic Solutions 

•J?.'*!- soluti * ns . occasionally are referred to as aural 
rinn^r 3 - 0ther 0tic Preparations often include formula- 

SoJUn Ae e^ SUSPenSi ° nS f ° r t0piCa) ap P lica " 

th J h JL?T, d ? S6S °, f USed for to P icaI administration to 
the ear include analgesics, eg, benzocaine; antibiotics eg 

u!°p m nr^ d ^"-i^^atory agents, eg, cortisone. ' The 
SoLon P T mdude ^PJ^e and Benzocaine Otic 
Z"° a ^e Neomycin and Polymyxin B Sulfates and Hy- 

Se^ e u2^ I S ° 1Uti0nS C ° ntaiJ1 a PP r 0Priate buffers Jd 
venS if,^ m m aqueous solutlon - ^e main sol- 
vents used m these preparations include glycerin or water 

elr^fora Inn^ ™ V A ^ C !f PermitS * e d ™« t0 remain uttne 
tends to SSfJS ■ g'y^rin, being hygroscopic, 

tends to remove moisture from surrounding tissues thus re- 

iSS^J^T liquids like s^KSSSSi 

S L ^ t fZ^" ai0! l e °/ ™ comt >ination with a surfac- 
rS?.r^n . >r 6 L rem oval of cerumen (ear wax). Sodium 
J' C nate Ear-Drops BP may be used if wax is to be re- 
hnn?t J- m ^ Car - This Preparation contains sodium bicar- 

S D uS£: f of SS.^ ■ Bd purified ^ c» sufficient 

to ict inl n^ VUe ! afB ^ ent time f ° r aqueous Preparations 

assssss- • a ™ - * * h ™' 

Irrigation Solutions 

sinlc eS « S0l " li0ns u ar _ I e us ed to wash or bathe surgical inci- 
men^ for Injections of the USP such as sterilitv, particulate 
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matter and the requirements of the Pyrogen Test. These 
products are prepared by dissolving the active ingredient in 
Water for Injection. They are packaged in single-dose con- 
tainers, preferably Type I or Type n glass, or suitable plastic 
containers, and then sterilized. See Chapter 84 for steriliza- 
tion procedures. A number of irrigations are described in the 
USP: Acetic Acid Irrigation for bladder irrigation, Dimethyl 
Sulfoxide Irrigation for relief of Internal cystitis, Neomycin 
and Polymyxin B Sulfates Solution for Irrigation for infection 
and Sodium Chloride Irrigation for washing wounds. 

Extemporaneous formulations frequently are prepared us- 
ing an isotonic solution of sodium chloride as the solvent. 



For example, cefazolin or gentamicin in 0.9% sodium chloride 
are used as anti-infective irrigations, dinoprostone in lactated 
ringers injection is used by continuous intrauterine irrigation 
lor severe postpartum hemorrhage and 5-fluororacil in 0 9% 
sodium chloride is employed for bladder irrigation. Mum 
either potassium or ammonium, in either sterile water or 0 9% 
sodium chloride for irrigation has been used for bladder 
hemorrhage. Amphotericin in sterile water has been used 
tor the treatment of localized infections of the bladder and 
urinary tract. All the extemporaneous preparations should 
meet the general requirements noted above for USP irriga- 
tions. & 



Sweet or Other Viscid Aqueous Solutions 



Solutions which are sweet or viscid include syrups, honeys, 
mucilages and jellies. All of these are viscous liquids or 
semisolids. The basic sweet or viscid substances giving body 
to these preparations are sugars, polyols or polysaccharides 
(gums). 

Syrups 

Syrups are concentrated solutions of sugar such as sucrose 
in water or other aqueous liquid. When Purified Water alone 
is used in makirig the solution of sucrose, the preparation is 
known as Syrup, or simple syrup. In addition to sucrose, 
certain other polyols, such as glycerin or sorbitol, may be 
added to retard crystallization of sucrose or to increase the 
solubility of added ingredients. Alcohol often is included as 
a preservative and also as a solvent for flavors; further resis- 
tance to microbial attack can be enhanced by incorporating 
antimicrobial agents. When the aqueous preparation con- 
tains some added-medicinal substance, the syrup is called a 
medicated syrup . A flavored syrup is one which usually is 
not medicated, but which contains various aromatic or pleas- 
antly flavored substances and is intended to be used as a 
vehicle or flavor for prescriptions, eg, Acacia, Cherry, Cocoa 
and Orange USP XXI. 

Flavored syrups offer unusual opportunities as vehicles in 
extemporaneous compounding and are accepted readily by 
both children and adults. Because they contain no, or very 
little, alcohol they are vehicles of choice for many of the drugs 
that are prescribed by pediatricians. Their lack of alcohol 
makes them superior solvents for water-soluble substances 
However, sucrose-based medicines continuously adminis- 
tered to children apparently cause an increase in dental caries 
and gingivitis; consequently, alternate formulations of the 
drug either unsweetened or sweetened with noncariogenic 
substances should be considered. A knowledge of the sugar 
content of liquid medicines is useful for patients who are on a 
restricted calorie intake; a list has been prepared by Bergen i0 

Syrups possess remarkable masking properties for bitter or 
saline drugs. Glycyrrhiza syrup has been recommended for 
disguising the salty taste of bromides, iodides and chlorides 
This has been attributed to its colloidal character and its 
double sweetness — the immediate sweetness of the sugar and 
the lingering sweetness of the glycyrrhizin. This svrup is 
also of value in masking bitterness in preparations containing 
the B complex vitamins. Acacia Svrup USP XXI (page 
1393), because of its colloidal character, is of particular 
value as a vehicle for masking the disagreeable taste of many 
medica- ments. Raspberry Syrup BP is one of the most efficient- 
flavoring agents and is especially useful in masking the taste of 
bitter drugs. Many factors, however, enter into the choice of 
a suitable flavoring agent. Literature reports are often contra- 
dictory and there appears to be no substitute for the taste 
panel. The literature on this subject has been reviewed by 
Meer 1 and this reference and Chapter 80 should be consulted 

^ l f ther "tf 0 ™^™ °n the flavoring of pharmaceuticals 
and the preparation of a number of official syrups. A series 
of papers by Schumacher deals with improving the palatability 
01 bulk-compounded products using flavoring and sweetening 
agents. 1 ' ° 



In manufacturing syrups the sucrose must be selected care- 
fully and a purified water, free from foreign substances, and 
clean vessels and containers must be used. The operation 
must be conducted with care to avoid contamination if the 
pro ducts are to be stable . 

It is important that the concentration of sucrose approach 
but not quite reach the saturation point. In dilute solutions 
sucrose provides an excellent nutrient for molds, yeasts and 
other microorganisms. In concentrations of 65% by weight 
or more, the solution will retard the growth of such microor- 
ganisms. However, a saturated solution may lead to crystal 
iization of a part of the sucrose under conditions of changing 
temperature. e 6 

When heat is used in the preparation of syrups, there is 
almost certain to be an inversion of a slight portion of the 
sucrose. Sucrose solutions are dextrorotary but, as hydroly- 
sis proceeds, the optical rotation decreases and becomes 
negative when the reaction is complete. This reaction is 
termed inversion because invert sugar {dextrose plus levu- 
lose; is formed. The speed of inversion is increased greatlv 
by the presence of acids; the hydrogen ion acts as a catalyst in 
this hydrolytic reaction. Invert sugar is more readily ferment- 
able than sucrose and tends to be darker in color. Neverthe- 
less its two reducing sugars are of value in retarding the 
oxidation of other substances. 

Invert. Syrup is described in the BP. It is prepared bv 
hydro yzuig sucrose with hydrochloric acid and neutralizing 

^ Calcium or sodium donate. The sucrose 

iri the 66.7% w/w solution must be at least 95% inverted 
The monograph states that invert syrup, when mixed in suit- 
able proportions with syrup, prevents the deposition of crys- 
taisof sucrose under most conditions of storage 

The levulose formed during inversion is sweeter than su- 
crose and, therefore, the resulting syrup is sweeter than the 
original syrup. The relative sweetness of levulose, sucrose 
and dextrose is in the ratio of 173:100:74. Thus invert 
sugar is 1/100(173 + 74)* = 1 .23 times as sweet as sucrose 
J^i e ^° 1 Sef0nned durin S hydrolysis also is responsible 

reldnt ^ nm i g °! ^ Tt iS Sensitive 10 h€at da ^ns 
readdy, particularly in solution. When syrup or sucrose is 

?9q™ ^ 1 lt caraineli2e s- See Caramel (RPS-18 page 
i/yuj. Occasionally, it is appropriate to use a sugar-free 
liquid preparation; a list of these has been published * 

nCJ^ Pa ^ OTi ~ Syrups m P re Pare<i in various ways, the 
t ° f * e P r °P €r method depends on the physical and 
^^^.^racteristics of the substances entering into the 

r hf ° I I ,t K, 11 ^ Heit ~~ ™ S 15 usuaI method «t "taking syrups when 

L ™^ f € the Symp rapidly ' The sucrose "suallv is added to 

the punned water or aqueous solution and heated until solution is effected 

weight or volume, [f the syrup is made from an infusion, a decoction or an 
aqueous solution containing organic matter, such as sap from map^eeT 

a bununous matter; subsequently, this is separated bv* straining. If the 
albumin or other impurities were permiued to remain in the syrup fermen! 

very useful m making syrups by the hot process in cases where the proper 



1S04 CHAPTER 86 



spec.Sc gravity of the finished synip is known. They may be floated in the 
syrup wh,le boiling, and thus the exact degree of concentrato? deter 
rmned without siting to cool the syrup and having to heat it again w 
concentrate it further. When taking a reading of the specific JaW of 
ttie hot syrup allowance must be made for the variation from the official 
temperature (specific gravities in the USP are taken at 25°) 

Excessive heating of syrups at the boiling temperature is undesirable 
since more or less inversion of the sucrose occurs with an increased 
tendency to ferment. Syrups cannot be sterilized in an autoclave without 
some caramehzation. This is indicated by a yellowish or brownish color 
resutang from the formauon of caramel by the action of heat up^o e 

The formula and procedure given for Acacia Synip (page 13q 3 
illustratesthismethodofpreparation. J 

Agitation without Heat— This process is used in those cases where 
heat would cause the loss of valuable, volatile constituents. ln making 
Quantmes up to 2000 mL the sucrose should be added to the aqWus 
solution in a bottle of about twice the sfce required for the sW TWs 
perrmts acUve agitation and rapid solution. Stoppering the bottle s 
r^"*^ f? ! l prevei,ts contamination and loss during the process The 
bottle should be allowed to lie on its side when not being agitoted^'lass! 
lined tanks with mechanical agitators, especially adapted tf Sir* of 
sucrose, are used for making syrups in large quantities ^ 

of a^dTv^r^ P reviousl y t des "ibed used for the preparation 
ol a wide variety of preparations that are described popularly as syruos 
Most cough syrups, for example, contain sucrose and one or more^ive 
mgredmrits. However, the exact composition of such products is not 
given on the label. Furthermore, some of these products are listed in £e 
USP but no directions are given for their preparation. For exanmle 
Guaifenesin Syrup USP (glyceryl guaiacolate syrup) is official but thTonry 

EST ' n S! d,ents guaifenesin (glyceryl guaiacolate) and ethanol (not 
less than 3% or more than 4%). 11 

r^ 16 '^ 0 "^' o*" hand ' &ves a method for *e preparation of 
Codeine Phosphate Syrup. This contains codeine phosphate (5 g) wale 

make OOOmL. It can be used for the relief of cough. Another syrup for 
Uus purpose is Codeine Linctus PC. This is really a medicated syrup 
which possesses demulcent, expectorant or sedative pmpenieTunUke 
the syrup, it is colored and flavored. The formula for Codetae LinoTpc 

Codeine Phosphate > « 

Compound Tartrazlne Solution ... i n It 

Bewoic Acid Solution tZ* 

Chloroform Spirit tZ "? 

Water for Preparations 1, i 

Lemon Syrup ^OmL 

Syrup ,?25 mL 

* tolOOOmL 

anri X ^ V *?Z phos ^ in * e add 500 mL of the syrup 

and mix. Add the other mgredients and sufficient syrup to produce i 1 000 

ma F k°e r fooo mL "If 2 °° ^ ^ UnCtUS to dHuted ^^cient syrup u> 

Codeine Phosphate 

Citric Acid monohydrate 

Lemon Spirit , , 

Compound Tartrazine Solution . . ." , n ^ 

Benzoic Acid Solution i„ , 

Chloroform Spirit , 

Water for Preparations , 

Sorbitol Solution — ""^^i t^ooOrnL 

Dissolve the codeine phosphate and the citric acid in the water, add 750 
mL of the sorb.tol solution and mix. Add the other ingredients and 
sufficient sorbitol soluuon u> produce 1 000 mL. 

Sorbitol Solution is the sweetening agent and contains 70% w/w of total 
solids, coasting mainly of D-sorbitol. It has about half the sweeterUne 
power of syrup. I n ^ US ^ roA ^ « ~g 

t2 flZ d u C ,° smelics ° f ^ed carcinogenicity in animli " 

arSSf t ° rnubl '° rS " be varied easil - v w P r <>duce the highly advertise 
Zeorme^T 6 ?- ^ P re **Ption-on.y drug (eg.Todeine pho ! 
phaw or methadone) must, of course, be omitted from the formulation but 

LhlT" °° UntrieS ' SU0h 35 Can * da ' a Creased QuanU™ of coSeme 

uanhaTma ' k" ^ com ^ (eg. flu. squill or ipeca- 
tuanna}, many cough syrups contain an antihistamine 

t Sps S cotT ° r ch,0 T rom!iline hy^Woride) are marked 
as syrups. Like cough syrups, these preparations are flavored, colored 



Addition of a Medicating Liquid to S>Tup— This method is resorted 

Z s^niV*"; ta ^ ch " uidextrac ". or other liquids Je added 

to syrup to medicate it. Syrups made in this way usually develop orecioi 
tales since alcohol is often an ingredient of the liquids thus used S e 
resinous and ofly substances dissolved by the alcohol precipi^when 

Tms nrl^ P T dU r g Potions' A modmcation 

of this process frequenUy adopted, consists of mixing the fluidextract or 
uncture with the water, allowing the mixture to stand tl perJtXs^ra- 
tion or insoluble constituents, filtering and then dissolving the su,SSTn 
Uie filtrate It is obvious that this procedure is no, permLiWe Xn the 
precipnau»d ingredients are the valuable medicinal agents 

XTfi rp£TTo !a lnd ,?^ < ; ed , Ure given for Eriodictyon Syrup USP 

XW(RPS.18pa g el301)aiustratethismetliodofpreparation 

Percolation— In this procedure, purified water, or an aqueous solu- 
tion, is permitted to pass slowly through a bed of crystalline "sucrose thus 
drying it and forming a syrup. A cotton pledgVt is placed inTr,^ 
I S^hf » f"^ 6 W8ter0r aqueous solution add e d - By means ofa 

i "T^P - ' a P 0 ™ 0 " °f *e liquid is recycled through the 

nf^K f W d u 1S t° ,Ve 811 * e sucrose ' ««clMt purified waterfe 

passed through the cotton to make the required volume awa «ris 

Je«^ CeSS m,h. USing ?* Pr0C r' C&re ta severaJ velars must 
rfS^l ( i? the J percalat0 '- us ed should be cylindrical or semicvlin- 

dncal and cone-shaped as it nears the lower orifice; (2) a coarse granuSr 
sugar must be used, otherwise i, will coalesce into a compact trXwMc£ 

with care Ca " n0t (3) Ule COtton mu ^ 06 Produced 

If pressed in too Ughtly, the cotton will stop the process effectuallv if 
ZT^l°° Sel> ^ e ^* ^ cottoTrapTdrShe 

fn^rted comn.^ w ^ imperfect Bltnuion); it should be 
^„ S f * W 7 lhU1 11,6 neck of ^ Percolator, since a protruding 
end^ mside the percolator, up through the sucrose. wiU permit the 

SSS* p W8ter t0 .n° Ulatthe lP*eronfice without disSg aU t£ 

cesfoTne™!^^ S ' jrups (pl * e J393 )' ^ ^ 

cess of percolauon is appUed on a commercial scale for the making of 

official syrups as well as those for confectionary use * 

(DaceTson" ^ Preferr<!d T h ° d f ° r the PreP^"™ °f Syrup USP 
Wage 1 J01 ) The sucrose, in this instance, is placed in the percolator 

However, a slightly modified approach must be uLd ifa dT g Xge^l e 
ongin is to be incorporated Into the syrup. K 0r example, wild cherry bark 
is ; first percolated with water, the collection vessel con^i ns" sucroS (800 
gj and glycerol (50 mL). When the total volume is 1 000 mL ie nerco 
late is agitated to produce Wild Cherry Syrup PC 

con^,^ 1 !? "~ In °^ ei 10 impr0Ve SUbUi,y ™ d minira «e microbial 
USP^dded T,^ f ° rmulations can h « Prepared and Purified Water 
Br^ul^rt n^H PnOT 1° dBpensin 8 or use. Powder mixtures, wholly 
^ulated produos and partially granulated products have been invest 
gated forthis purpose by Ryder. 14 invest! 

The powder mixture preparation requires less equipment and enerev tn 

vcra:eus C ^ D St4biIi,y P ^ b ! emSi " e minim ^ ^ce nXa S 
Z J ? the process and a low moisture content can be obtained in 
Ae fina product; unfonunately , powder mixtures are prone to honvoeene 
■ty problems. Inthecase of thewhoUygranulated prodS th7Si" 
,n,fr ' nc,uded in the granulation suge. The drug mav oVinc™^ d 

n r u °id uct S r r granulaU0B . or disso,ved or 

" u,d • formation, the granules are dried and then 

screened to break down oversize particles. The advantages of granulated 
ZLn^Z"^^ -elude better appearance, bett«X>^sie r ^ 
gauon problems and less dust during processing. Partially ZZll^d 

r t TsadvlZ e el l ° S"" r t °T * ^.ulauo^tout 

*L a u ^ Lsuali - V ' dru 8. ^ other line particles are in- 

flowand re d ' * 1th *>™ dU-^wtaJr^ 

u,?rt n »H , Segregall0n ,nd dust Ma, e ri als selected for mixing^ 

and free flS e r^en U,d lheimolabile excipients, such as afvTrJ 

ana iree llomng matenals, such as sugars. 

cmbeZZ^T? ^ PS r h ° Uld be made m quantities which 
*nere special facilities can be employed for their Dresen-a- 

msertation 13 a condition favorable to 

sodium ben^r! f enn ' "^P^ben, benzoic acid and 
soaium benzoate to prevent bacterial and mold growth 
Combinations of alkvl esters of n hvrfm J k • grown, 
effertivp ir,K,-Kit«^ V esters 7 P- n yoJOx>'ben20ic acid are 

decontamination of commercial syrups 

tie? ll^T sh0 "! d be preserved in well-dried bot- 
tles, preferably those which have been sterilized. These 
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S5S ! i n0t . h0ld more than is likel y «» ^ required 
during 4 to 6 weeks and should be filled completely slot? 
pered carefully and stored in a cool, dark place. 

Syrups Prepared, from Juices 

Blackberry pineapple and strawberry- syrups may be Dre- 
pared by following the directions for Ra£bem ™yru P BP 
One volume of the concentrated raspberry juice dUuted with 
1 1 vo limes of syrup. Black Current SvrVp BP is prepluS 

rants, with certain modifications. The pectin in the juice is 

in^ ed 7 th P ecttaa *- The syrup is prepared by Elv 
mg tOO g of sucrose in 560 mL of clarified juice and mv h f 
preserved with sodium metabisulfite. The add-on c^a dve 
^ permitted, provided it complies with the perSem goteS 
Z£ZT latl ? n \ Ch J en> ' Syru P USP ™ is prepared from 
SS J 3 U 93). by thC additi ° n ° f alcoho1 ' sucrose P and™ 

Syrups, either as a syrup or as a flavored syrup are useful 
dn g but also mjections, capsules or tablets if the purS 

excipSSt 1 " °," hand ' tf ^ ^ 
wlter soinh?^t^? aratl -n n ' eg ' or capsules, are 

water soluble, a solution wdl result if a syrup is prepared On 

uSut ££? ^ ™™™ ^ be used conEatJ 
msoluble ingredients, as is usually the case with tablets and 
some capsules, a suspension will be formed. Se^ral of *e 
aboye preparations have been described in the uterXe not 
only in regard to their formulation but also in regard to^M 
>ty and bioavailability. Some drugs which have been^rp" 

arnidl &f ^ anunoca P r ° i c acid, terbutaline, procain- 
amide, chloroquin, propranolol and citrated caffeine IfX 
appropriate salt of the drug is used, a solutKfll result 

7% ui • y ~ formed because there is usually a nonwater- 
soluble ingredient used in table preparations. SoSrS 
tions prepared from tablets are clonidine hydrochKe 
cefuroxmie axedl, famotidine, terbutaline sulfattSSSS 
tone, ranitidine, propranolol and rifampin. The reSesus 

£T«°™ h , ave a mi{0 ™ ^stribution of Sis " o 

dis^bZrf^ d f 6 * ° btab,ed - If ™teria)s are not 
S Jf 0rmly ' more a PPropriate suspending formula 

chafer f?hl COnSidered ' whlch ** described^™ Ae 
as ™inrn,v ' f P^^^cal preparations contain a liquid such 
f n ^S acid or , simethicone, to be incorporated into sy£ 
ups which is insoluble in water, an emulsion wUl form and 
a uniform product will not result. 

Honeys 

JL'rP/w* • k W P^Parations somewhat allied to the 

but at o™ tLe w Unp0rtant 25 a Class of P«Parations today 
°"°" e tune - before sugar was avaUable and honey was the 

BPUsts^npn" "8**. they were used Sy^ 

BP lists one preparation for coughs containing honev Souul 

nrlT 61 ^"^ squm ' water - acetj c acid md h«£y and i 
prepared by a maceration process 

tonSZK "* US6d t0 3 smaU extenl have 
oeen discussed in the pharmaceutical literature for toDieal 

aSesses" Th£f ° f Certa * ^ es <* 5 S 

beS^ - d Sh °- » * 

Mucilages 

mucdag.nousprmciplesfromvegetablesubsSnce^&tr 
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c^TdeSSiL^ "? PFOne 10 ^composition, showing appre- 
mad fta 2" T COSitV u on slora 8 e i the >' sh °«W neve? be 

Sa nrSSS be used ^mediately, 

ess a preservative is added. Acacia Mucilace NF XII rnn 

i^ms aiconol and chloroform water Phl^r-nf^r™ ; 
c n oun«r ed Pr ° dUClS f ° r ^ USe ^ b'anStTome 
Acacia Mucilage may be prepared by placing 350 e of acacia 

wa er SwSl ^ ****** enou 8 h war m purified 

water, in which 2 g of benzoic acid has been dissolved to make 

Saced rrc eaS r 1000mL - Thebcmleth^2S>?pSd 
a u ltS ! lde ' rotated occasionally and the product 
strained when the acacia has dissolved product 

layoff* MuC !? age BPC < 1973 ) »• P^ared by mixing 
It I w 'th 25 mL alcohol (90%) in a dWbottte 

mi ^f 1 ^ 1 ^ adding sufficient chloroform waterYoYooo 
mL and shaking vigorously. The alcohol is used to Snerse 
the gum to prevent agglomeration on addition of *e water 

Mucilages are used primarily to aid in suspend^ mSble 
subtances in Uquids; their colloidal character aKcositv 
sSfur 3 ^ lmmediate sedimentation. ExampteSS 
Rntw, J 0tl ° v s> ^ m mixtures oils in emulsions 
^f 8 ^ acacia either are partially or completely 
tTon bJ a e ,r^?^ 01 - Tra * ac anth is precipitated S 2£ 
dZed ' bU J Macia ' on ^ other ha "d, is soluble to 

SiXfip^T 0 ," 3 ,- A60%solu «on of acacia mayb" 

SeS mnSSfay 4% S ° 1Uti ° n ° f aCaCia m ^ be 
a iiI h ^ V1SC i )Si13 ' °J tragacanth mucilage is reduced by acid 
alkali orsodium chloride, particularlytfthe mucUaVe isheafed 
I shows maximum viscosity at pH 5 Aca cto to hSSSK 
ddute mmeral acids to arabinose, galactose. aldoSteand 
ftKSgr- 115 MV isL but is -au?Sd C oTe d r 
Recent research on mucilages includes the preDaration n f 
mucdage from plantain and the identification of itesSfthi 

K??? 01 , gIyCerin ointment s using flaxseed rnucUage 
and the consideration of various gums and mucUaees Toh 
tamed from several Indian plantsfor ptaJSB pur! 

Several synthetic mucilage-like substances such a.<! m ;, n » 
ts used widely as a bulk laxative since it absorbs wL; 2,2 

Jellies 

are simdar to mucdages, in that they may be prepared from 
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similar gums, but they differ from the latter in having a jelly, 
ike consistency. A whole gum of the best quality, rather 
than a powdered gum, is desirable in order to obtain a clear 
preparation of uniform consistency. Tragacanth is the cum 
used m the preparation of Ephedrine Sulfate Jelly NF XII 
While the specific thickening agent in the USP jellies is not 
indicated, reference usually is made in the monograph to a 
water-soluble sterile, viscous base. These preparations also 
may be formulated with water from acacia, chondrus, gelatin 
^^^ethylcellulose : hydroxyethylcellulose and similar' 

Jellies are used as lubricants for surgical gloves, catheters 
and rectal thermometers. Lidocaine Hydrochloride Jelly USP 



is used as a topical anesthetic. Therapeutic vaginal jellies 
are avauable and certain jelly-like preparations a?e used for 
contraceptive purposes, which often contain surface-active 
agents to enhance the spermatocidal properties of the jelly 
Axornatics, such as methyl salicylate and eucalyptol. often are 
added to give the preparation a desirable odor. 

Jellies are prone to microbial contamination and therefore 
contain preservatives , eg, methyl p-hydroxybenzoate is used 
as a preservative in a base for medicated jellies. This base 

™ m TKl 1 i m a] ^ natei giycerin ' cakiurn Senate and 
ZaZtll f C1Um !°™ causc a cross-linking with sodium 
alginate to form a gel of firmer consistency. A discussion of 
gels is provided later in the chapter. Hussion oi 



Nonaqueous Solutions 



It is difficult to evaluate fairly the importance of nonaque- 
ous solvents in pharmaceutical processes. That they are 
important m the manufacture of pharmaceuticals is an 
understatement. However, pharmaceutical preparations 
and, m particular, those intended for internal use, rarely con- 
tain more than minor quantities of the organic solvents that 
are common to the manufacturing or analytical operation 
J- or example, industry uses large quantities of chloroform in 
some operations but the solvent is of only minor importance 
with respect to the final product. One mL of chloroform 
dissolves in about 200 mL of water and the solution so formed 
finds some use as a vehicle (see the section on Arrnnolic 
waters). Chloroform has been an ingredient in a number of 

^ U f^! >TUpS in the pas ^ bat Lt been ba ™*d in the US by 
the FDA in manufactured products intended for internal use 
Solvents such as acetone, benzene and petroleum ether must 
not be ingredients in preparations intended for internal use 

Products of commerce for internal use may contain solvents 
such as ethanol, glycerin, propylene glycol, certain oils and 
liquid paraffin. Preparations intended for external use mav 
contain solvents in addition to those just mentioned, namely 
isopropyl alcohol, polyethylene glycols, various ethers and 
certain esters. A good example of preparations of this type 
are the rubefacient rubbing alcohols. Rubbing Alcohol must 
be manufactured m accordance with the requirements of the 
Bureau of Alcohol, Tobacco and Firearms, US Treasury Dent 
using Formula 23-H denatured alcohol. This mixture con- 
tams 8 parts by volume of acetone, 1.5 parts by volume of 
methyl isobutyl ketone and 100 parts by volume of ethanol 
Besides the alcohol in the Rubbing Alcohol, the final product 
must contain water, sucrose octaacetateordenatoniumbenzo- 
m^SF °° m ^ Cok)r addilives > Perfume oils and a suit- 

fhi 2? ™ 6 alC0h01 content ' b - v volu ™. * not less 
than 68.5% and not more than 71.5%. The isopropyl alcohol 
f^f "\ Isopropyl Rubbing Alcohol can vary from 68.0% to 
i*.0% and the finished product may contain color additives 
perfume oils and suitable stabilizers. 

Although the lines between aqueous and nonaqueous prepa- 
rations tend to blur in those cases where the solvent is water- 
soluble, it is possible to categorize a number of products as 
nonaqueous. This section is, therefore, devoted to groups of 
nonaqueous solutions; the alcoholic or hydroalcoholic solu- 
tions (eg, elixirs and spirits), ethereal solutions (eg, collodi- 
ons) glycerin solutions (eg, glycerins), oleaginous solutions 
leg, liniments, oleovitamins and toothache drops), inhalations 
and inhalants. 

Although the above list is limited, a wide variety of solvents 
are used in various pharmaceutical preparations. Solvents 
such as glycerol formal, dimethylacetamide and glycerol di- 

hv thl ^ C be J n su SS ested for Products produced 
b> the industry. However, the toxicity of manv of these 
solvents is not well-established and, for this reason clreM 

net before it is released to the marketplace. 

15 ^ S€ntial tha , 1 the to * icity of solvents be tested appropri- 
ately and approved in order to avoid problems: for eSSSJle 



the tragic loss of life which occurred during 1 937 when dieth- 
ylene glycol was used in an elixir of sulfanilamide The 
rw ° f was the 1938 Federal Food, Drug and 

SX£!r ed ^ products be tested for both 

. Collodions 

Collodions are liquid preparations containing pyroxylin fa 
nitrocellulose) in a mixture of ethyl ether and ethanol. Thev 

SLmS \ ? the Skb l by means of a soft brush °r o*er 
suitable app icator and, when the ether and ethanol have 

evaporated leave a film of pyroxylin on the surface. The 

™ Tncr 16 ? c ? Uodion - Salio-lic Acid Collodion USP, 
contains 10% w/v of salicylic acid in Flexible Collodion USP 

wart, ""r .f a m™ 3 * 0 ^ eni in ^tment of coms and 
warts. Collodion USP and Flexible Collodion USP are water- 

EE = m !T fl teCt L?i for mlnor cuts ™ A cratches. Collo- 
SS? % u e fl !! x,ble by At addition ofcas tor oil and camphor 
UMJodion has been used to reduce or eliminate the side effects 

t°h a „ U n r0 ™ CU * e * tment of solar keratoses. Vehicles other 
than flexAle collodion, such as a polyacrylic base, have been 

ssr saucyiic acid f ° r the tre « °f-rts 

Elixirs 

Elixirs are clear, pleasantly flavored, sweetened hvdroal- 
cohohc liquids intended for oral use. The m^Sents 

Sip SI 18 f e / th ^ 01 and Water but glyce ™- sorbitoKpyl! 
ene glycol flavoring agents, preservatives and syrups often 

are used ui the preparation of the final product. Elixirs are 

more fluid than syrups, due to the use of less viscous^ed' 

ents such as alcohol and the minimal use of viscosity-imW- 

vehicles such as Aromatic Elixir USP (page 13941 for druz 

the specified solvents, they are classified as medicated elixirs 

C?£t™V h ™ 0ne E,bcir USP tod P^enobarbital Elix£ USP 

^erse tffecis, eg ; mucosal «sS£ 
may be eliminated or reduced if the active drug, eg, potassium 
chtor.de. » administered in elixir rather than £' a! oKaTe 

eliSt k S nnr C li« n be T en S0 ™ of the ^icated syrups and 
W I %pJ a l Ways v c,ear ' ^or exa ^Ple f Ephedrine Sulfate 
Syrup USF * contains between 20 and 40 mL of alcohol in 1 000 
mL of product. Ephedrine Elixir BP contains a suitable fia- 

reSM^hfnim- SOrn r ? stanceS ' not 100 important with 
SnL a e nam , XIlfi 0f The articles of commerce. To be 

icohof ^ ^ r ' h ° WeVer ' thc SOlution must contai ^ 

MrU?ni ^2^^.? th ° Se ^ COntain a considerable 
portion as a necessary aid to solubility. For example, Aro- 
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matic Elixir USP contains 21 to 23% of alcohol; Compound 
Benzaldehyde Elixir USP, on the other hand, contains 3 to 5%. 

Elixirs also may contain glycerin and syrup. These may be 
added to increase the solubility of the medicinal agent for 
sweetening purposes or to decrease the pharmacological ef- 
fects of the alcohol. Some elixirs contain propylene glycol. 
Claims have been made for this solvent as a satisfactory substi* 
tute for both glycerin and alcohol. Sumner, 1 C) in his paper on 
terpin hydrate preparations, summarized the advantages and 
disadvantages of this solvenl and suggested several formula- 
tions with therapeutic characteristics superior to those of the 
elixir described in NF XIII. 

One of the four formulations described in Sumner's paper is 
given below: 

Terpin Hydrate G.O g 

Orange Oil O.l mL 

Benzaldehyde 0.005 mL 

Sorbitol Solution USP 10.0 mL 

Propylene Glycol 40.0 mL 

Alcohol -13.0 mL 

Purified Water, a sufficient quantity to make 1 00.0 mL 

Dissolve the terpin hydrate in the propylene glycol and sorbitol solution 
which have been heated to 50°. Add the oil and the benzaldehyde u> the 
alcohol and mix with the terpin hydrate solution at 25*. Add sufficient 
purified water to make the product measure 1 00 mL. 

The elixir contains 300 mg of terpin hydrate/5 mL, a mini- 
mal quantity of alcohol and flavoring agents which adequately 
mask the taste of propylene glycol. 

, Although alcohol is an excellent solvent for some drugs, it 
does accentuate the saline taste of bromides and similar salts. 
It often is desirable, therefore, to substitute some other sol- 
vent that is more effective in masking such tastes for part of 
the alcohol in the formula. In general, if taste is a consider- 
ation, the formulator is more prone to use a syrup rather than a 
hydroalcoholic vehicle. 

Because only relatively small quantities of ingredients have 
to be dissolved .elixirs are more readily prepared and manufac- 
tured than syrups, which frequently contain considerable 
amounts of sugar. An elixir may contain both water- and 
alcohol-soluble ingredients. If such is the case, the following 
procedure is indicated: 

Dissolve the water-soluble ingredients in part of the water. Add and 
soiubilize the sucrose in the aqueous solution. Prepare an alcoholic 
solution containing the other ingredients. Add the aqueous phase u> the 
alcoholic solution, filter and make to volume with water. 

Sucrose increases' viscosity and decreases the solubilizing 
properties of water and so must be added after prii nary solu- 
tion has been effected. A high alcoholic content is main- 
tained during preparation by adding the aqueous phase to the 
alcoholic solution. Elixirs always should be brilliantly clear. 
They may be strained or filtered and, if necessary, subjected to 
the clarifying action of purified talc or siliceous earth. 

One of the former official elixirs, Iso-Alcoholic Elixir NFXV 
(RPS-18 page 1328), actually is a combination of two solu- 
tions, one containing 8 to 10% alcohol and the other contain- 
ing 73 to 78%. It is used as a vehicle for various medica- 
ments that require solvents of different alcoholic strengths. 
For example, the alcoholic strength of the elixir to be used 
with a single liquid galenical, which is a liquid preparation of 
vegetable origin, is approximately the same as that of the 
galenical. When preparations with different alcoholic 
strengths are em- ployed in the same prescription, the elixir to 
be used is the one that produces the best solution. This is 
usually the average of the alcoholic strengths of the several 
preparations. For nonextractive substances, the lowest alco- 
holic strength of elixir that will produce a clear solution should 
be selected. 

The formula for High-Alcoholic Elixir is 

Compound Orange Spirit 4 m ^ 

Saccharine 3g 

?} yc ? rin 2oomL 

Alcohol, a sufficient quantity, to make 1 000 mL 



This elixir, and many other liquid preparations intended for 
internal use eg, the diabetic syrups thickened with sodium 
carboxymethylcellulose or similar substances, contain saccha- 
rin as a sweetening agent. In the past, scientists have studied 
the toxic effects of this sweetening agent and found bladder 
tumors in rats. However, it is now generally accepted that 
this does not apply to humans when saccharin is used as a 
sweetener. Research on another sweetening agent, cyclamate, 1 7 
showed that it could produce cancer in arimals and, as a result, 
this substance was removed from a wide variety of products. 

Cyelamates and saccharin have been banned in some coun- 
tries as ingredients in manufactured products. Much re- 
search has been done to find a safe synthetic substitute for 
sucrose. As a result, aspartame (methyl A r (-L-a-aspartyl)-L- 
phenylalaninate), which is about 200 times sweeter than su- 
crose, is being used now in many commercial preparations as 
the sweetening agent. It is s*- ringly soluble in water and is 
most stable at a pH of 4.3. 

Incompatibilities — Since elixirs contain alcohol, incom- 
patibilities of this solvent are an important consideration dur- 
ing formulation. Alcohol precipitates tragacanth, acacia and 
agar from aqueous solutions. Similarly, it will precipitate 
many inorganic salts from similar solutions. The implication 
here is that such substances should be absent from the aque- 
ous phase or present in such concentrations that there is no 
danger of precipitation on standing. 

If an aqueous solution is added to an elixir, a partial precipi- 
tation of alcohol-soluble ingredients may occur. This is due 
to the reduced alcoholic content of the final preparation. 
Usually, however, the alcoholic content of the mixture is not 
sufficiently decreased to cause separation. As vehicles for 
tinctures and fluidextracts, the elixirs generally cause a sepa- 
ration of extractive matter from these products clue to a redue- 
ti on of the alcohol ic content. 

Many of the incompatibilities between elixirs, and the sub- 
stances combined with them, are due to the chemical charac- 
teristics of the elixir per se, or of the ingredients in the final 
preparation. Thus, certain elixirs are acid in reaction while 
others may be alkaline and will, therefore, behave accord- 
ingly. 

Glycerins 

Glycerins or glycerites are solutions or mixtures of medici- 
nal substances in not less than 50% by weight of glycerin. 
Most of the glycerins are extremely viscous and some are of a 
jelly-like consistency. Few of them are used extensively. 
Glycerin is a valuable pharmaceutical solvent forming perma- 
nent and concentrated solutions not otherwise obtainable. 

Glycerin is used as the sole solvent for the preparation of 
Antipyrine and Benzocaine Otic Solution USP. As noted 
under Otic Solutions, glycerin alone is used to aid in the 
removal of cerumen. ExternoL a commercial product, con- 
tains 5% carbamide peroxide (urea hydrogen peroxide) in 
glycerin, has shown superior qualities in dispersing ear wax. 
A glycerin base was chosen as the optimum solvent for an otic 
preparation in a study involving the stability and antimicrobial 
activity of kanamycin sulfate otic drops. 

Glycerins are hygroscopic and should be stored in tightly 
closed containers. * 

Inhalations and Inhalants 



Inhalations 

These preparations are so used or designed that the drug is 
carried into the respiratory tree of the patient. The vapor or 
mist reaches the affected area and gives.prompt relief from the 
symptoms of bronchial and nasal congestion. The USP de- 
fines Inhalations in the following way: 

Inhalations are drugs or solutions or suspensions of one or more drug 
substances administered by the nasal or oral respiratory route for either a 
local or sysiemic effect. Solutions of drug substances in sterile water for 
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inhalation or in sodium chloride inhalation solution may be nebulized bv 
he use of men gases. Nebulizers are suitable for the administration of 
inhalation solutions only if they give droplets sufficiently fine and uniform 

hA^ ^ reaches Lhe bronchi oles- Nebulized solutions mav 

be breathed directly from the nebulizer, or the nebulizer mav be attached 

(?PPB ! machin" ^ °* inlermiUent posiLive P ressur(? breathing 

.Another group of products, also known as metered dose inhalers (MDIs> 
are propellam-driven drug suspensions or solution in liquified-gas propel- 
lam with or wuhout a cosolvent and are intended for delivering metered 
doses of the drug to the respiratory tract. An MDI conSSf S le 
doses, often exceeding several hundred. The most common single-dose 

Examples of MDIs containing drug solutions and suspension in this 
pharmacopeia are Epinephrine Inhalation Aerosol and Isoproterenol Hy- 
drochloride and Phenylephrine Bitartrate Inhalation Aerosol, respectively 

Powders also may be administered by mechanical devices that require 
nunua ly produced pressure or a deep inhalation bv m e patienL J 
Cromolyn Sodium for Inhalation. * P*»ent, eg, 

As stated in the USP, particle size is of major importance in 
the adnmustration of this type of preparation. The various 
mechanical devices that are used in conjunction with inhala- 
tions are described in some detail in Chapter 107 It has 
been reported that the optimum particle size for penetration 
into the pulmonary cavity is of the order of 0.5 to 7 urn Fine 
mists are produced by pressurized aerosols and hence possess 
basic advantages over the older nebulizers; in addition me- 
tered aerosols deliver more uniform doses. See Chapter 95 
A number of inhalations are described in the USP XXI ee" 
Epinephrine Inhalation Solution is a solution of Epinephrine 
in Purified Water prepared with the aid of Hydrochloric Acid 
and Isoproterenol Inhalation Solution is a solution of Isopro' 

5K l (32S^ ta Purmed Water and may cM 

The term inhalations, defined by the BP, has a different 
meaning. These are solutions or suspensions of one or more 
active ingredients which may contain an inert, suspended 
diffusing agent. They are intended to release volatile constit u- 
ents for inhalation, either when placed on a pad or when added 
to hot, but not boiling, water. Benzoin Inhalation BP con- 
tains benzoin, storax and alcohol. The vapors from a prepa- 
ration containing ] teaspoonful of the tincture and 1 qt of 
boilmgwater may be inhaled. The device known as a vapor- 
tzer may be used with a number of commercially available 
preparations of this type (see Chapter 107). 

Inhalants 
The USP defines inhalants as follows: 

.nt^*^ da f ° finhala f°'K termed ' inhalants- consists of drugs or 
<Z£ bv 0 "' ^ ^ b> ' " rtUe ° f th6ir ^Por pressure,^ be 
rfSJ. tL ° Urre , m 1M0 lhe wher * they estn their 

£ tnh'aj C ° nlamer fr ° m WWch the inhalant is """inhered * known » 

Propylhexedrine Inhalant USP and Tuaminoheptane Inhal- 
ant USP consist of cylindrical rolls of suitable fibro ^material 
im pregnatedwithpropymexedrine ortuaminoheptane (as car 
SkS^' I I aro J mati2ed - a "d contained in a suitable 
£S r P^P^eJWne is the active ingredient in the wide* 
used Benzedrex Inhaler. Both of these drugs are vasocon- 
stnetors used to relieve nasal congestion. Inhalers wMch 
come in contact with the mouth or nasal passages become 

SSSSS? by bacteria - lhuSs ^ should be 

m^?^ 15 Kitrite USP whi <* is very flam- 

mable and should not be used where it may be ignited It is 

hrfi aged ? Sealed « lass ^ ta a Protective gluze Upon 
breaking the vial, the gauze absorbs the drug which is then 
inhaled for the treatment of anginal pain. See page 953 

Liniments 

Liniments are solutions or mixtures of various substances 
in oil, alcoholic solutions of soap or emulsions and ma?con- 
ttin su.table antimicrobial preservaUves. They are^ended 



n,hh»!f ™f W""" 0 " should be so labeled. They are 

StoJSi£££" ™ because of this > were on « 

thv^T "f 3ally are applied wich Mctim and rubbing of 
the skin, the oil or soap base providing for ease of application 

™££?T ^ C0h0 ! icl ^entsare\sedgeneralfyf 0r tSe2 

effeS Wh°r ^ ™ my «Wn*^and penetrating 
™ e f - Su ? h Imiments penetrate the skin more readily tha^ 
do those with an otl base. The oily liniments, therefore^ 
mUder in their action but are more useful when masses 
reqiured. Depending on their ingredients, such Untaente 
may function solely as protective ceilings. Liniments Sd 
not be applied to skin that is bruised or broken 

f„™7,° f * e 1 ma,lteted " white " lin^ents are based on the 
formulation below or variations thereof. 

White Liniment BP 

Oleic Acid 

Turpentine Oil o!S , 

' Dilnte Ammonia Solution.. 
Ammonium Chloride .. ,„? , 

Purified Water , 

oio mL 

Mix the oleic acid with the turpentine oil. Dilute the dilute ammonia 
sohmon H-nh 45 mL of the W ater : previously warmed, add io^TSJ 
solution and shake to form an emulsion. Separately dissolve the™ mo 
mum chloridelnthe remainder of Lhe add to the emu Jon anTmix. 

Other liniments contain antipruritics, astringents, emollients 

?n J^ g T°^ ld m classified on the basis of their active 
ingredient. An example is: 

Compound Calamine Application PC 
(Compound Calamine Unlment) 

Calamine 

Zinc Oxide ] ?X g 

wooiFat j?°s 

ZincStearate ,^ fi 

Yellow Soft Paraffin 0 t~ g 

Liquid Paraffin ^ g 

550 g 

n a IffinTi dei 5 o rC b " I ltunit ? d 10 a smootK paste with some of the liquid 
iiaraffin %T ? PeLr ? latUm >' ^ *earat« and yellow soft 

S^Sr Petr ° latUm) ar ! melt * d = ^ some of the liqu d parX 

the mixture incorporated with the triturated powders and the rest 
liquid paraffin added with mixing. 

Dermatologists prescribe products of this tvpe but only 
those containing the rubefacients are advertised extensively 
and used by consumers for treating minor muscular aches and 

\ S essen V al ^ these applications be marked clearly 
t or external use only. y 

Because of the confusion of camphorated oil (camphor 
liniment) with castor oil, which has resulted in ingestion and 
perhaps, to poisoning, camphorated oil has been banned from 

SSSS FDATn P ^ ra l ed ° U P ? Seml >' b Classified » ™ 
drug by the FDA for which a new drug application is required. 

Oleovitamins 

nn°^°c' w minS ? sWiver o* 5 diluted with edible vegetable 
od or solutions of the indicated vitamins or vitamin concen- 
totes(usuallyvitan^^ ttiedeSn* 

Oleovitamin A and D is official; vitamin D may be Dresent as 

e& as 5 

nafurlun Z' " de hydrocholesterol or may be obtained from 
bf tn nrf* S ^ theUc ***** A. or a concentrate, may- 
be used to prepare oleovitamin A. The starting material for 
he concentrate is a fish-liver oil, the active InJeKbeK 

SKrJ* rn ° le , CUlar or by a saponSon and 

procedure : r The latter procedure is described in 
aetau in the monograph for Concentrated Vitamin A Solution PC. 

and t^f Umlr lf m unstable ' m tne Presence of rancid oils 
and, therefore, these preparations and : in particular, Oleovita- 
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min A, should be stored in small, tight containers, preferably 
under vacuum or under an atmosphere of an inert gas, pro- 
tected from light. 

Spirits 

Spirits ) sometimes known as essences, are alcoholic or 
hydroalcoholic solutions of volatile substances. Like the aro- 
matic waters, the active ingredient in the spirit may be a solid, 
liquid or gas. The genealogical tree for this class of prepara- 
tions begins with the distinguished pair of products, Brandy 
(Spirits Vini VUis) and Whisky (Spiritis Pt-urnenti), and 
ends with a wide variety of products that comply with the 
definition given above. Physicians have debated the thera- 
peutic value of the former products and these are no longer 
official in the compendia. 

Some of these spirits are used internally for their medicinal 
value, a few medicinally by inhalation and a large number as 
flavoring agents. The latter group provides a convenient and 
ready means of obtaining the volatile oil in the proper quantity. 
For example, a spirit or spirit-like preparation may be used in 
the formulation of aromatic waters or other pharmaceuticals 
that require a distinctive flavor. 

The BP's definition of Spirits is verv broad. Some ex- 
amples are Aromatic Ammonia Spirits BP, which has a differ- 
ent formula from the USP XXI, is used as a flavoring agent, 
Soap Spirits BP is used instead of a shampoo for scalp disor- 
ders and Surgical Spirits BP is used for its astringent action on 
unbroken skin. 

Spirits should be stored in tight, light-resistant containers 
and in a cool place. This tends to prevent evaporation and 
volatilization of either the alcohol or the active principle and 
to limit oxidative changes. Spirits usually contain a high 
alcohol content and consequently should be kept away from 
an open flame. 

Preparation — There are four classic methods of prepa- 
ration: 

Simple Solution— This Ls the method by which the majority of spirits 
are prepared. Aromatic Ammonia Spirit USP is official and a formula and 
procedure is given ir : USP XXI. which illustrates this method of preparation. 

Aromatic Ammonia Spirit USP XXI 

Ammonium Carbonate, in translucent pieces 34 g 

Strong Ammonium Solution 36 mL 

LemonOil , 0mL 

Lavender Oil \ ir\h 

?«««f°u JniL 

^ c ^°V„- 700 mL 

Purified Water, a sufficient quantity to make "lOOOmL 

Dissolve the ammonium carbonate in the strong ammonia 
solution and ] 95 mL of purified water bv gentle agitation and 
allow the solution to stand for 1 2 hours." Dissolve the oils in 
the alcohol, contained in a graduated bottle or cylinder, and 
gradually add the ammonium carbonate solution and enough 
purified water to make the product measure 1000 mL. Set 
the mixture aside in a cool place for 24 hours, occasionally 
agitating it, then filter, using a covered funnel. 

The spirit is a respiratory stimulant and is administered by inhalation of 
the vapor as required. Ii is marketed In suitable tight. Uftht -resistant 
containers but is also available in a single-dose glass vial wrapped in a soft 
cotton envelope. The vial is broken easily: the cotton acts as a sponce for 
the spirit. to 



Ammonium carbonate is a mixture of ammonium bicarbonate and ammo- 
nium carbamate (NH 2 COONH<). The carbamate reacts with water to 
lorm the carbonate. An ammonium carbonate solution is, therefore a 
solution of ammonium bicarbonate and ammonium carbonate in water 
However, it decomposes in water, the decomposition products beine 
ammonia, carbon dioxide and water. The stability- of the spirit is inv 
proved by the addition of strong ammonia solution. This represses the 
hydrolysis of ammonium carbonate and, in this way. decreases the loss of 
dissolved gases. 

Solution with Maceration— In this procedure, the leaves of a drug are 
macerated in purified water to extract water-soluble matter. Thev are 
expressed and the moist, macerated leaves are added to a prescribed 
quanuty of alcohol. The volatile oil is added to the filtered liquid. Pepper- 
mint Spirit USP is made by this process (RPS-1 8 page 798). Peppermint 
bpint BP differs from the official product in that it is a solution of the 
volatile oil in ethanoi 90% only. The concentration of volatile oil in the 
final product is about the same but the official preparation possesses a 
green color. 

Chemical Reaction— No official spirits are prepared by this process. 
Ethyl ruinte is made by the action of sodium nitrite on a mixture of alcohol 
and sulfuric acid in the cold. This substance then is used to prepare Ethyl 
Nitrite Spirit (Sweet Spirit of Nitre), a product no longer official and which 
has been removed from the market. 

Distillation— Brandy and Whisky are made by distillation. The latter 
is derived from the fermented mash of wholly or partially germinated 

grapes ""^ f0nner fr ° m the ferTnemed ^ uice of "P* 

Incompatibilities— Spirits are, for the most pan, prepara- 
tions of high alcoholic strength and do not lend themselves 
well to dUution with aqueous solutions or liquids of low alco- 
holic content. The addition of such a solution invariably 
causes separation of some of the material dissolved in the 
spirit, evidenced by a turbidity which, in time, mav disappear 
as distinct layering occurs. Salts may be precipitated from 
their aqueous solutions by the addition of spirits due to their 
lesser solubility in alcoholic liquids. 

Some spirits show incompatibilities characteristic of the 

example. Aromatic Ammonia 
bpint cannot be mixed with aqueous preparations containing 
allcaloids (eg, codeine phosphate). An acid-base reaction 
lammorua-pnosphate) occurs and. if the alcohol content of 
the final mixture is too low, codeine will precipitate. 

Toothache Drops 

Toothache drops are preparations used for temporary relief 
of toothache by application of a small pledget of cotton satu- 
rated with the product into the tooth cavity. Anesthetic com- 
pounds include clove oil, eugenol or benzocaine; other ingre- 
dients include camphor, creosote, menthol and alcohol. 
Uove oil, containing a high concentration of eugenol. which is 
the main constituent, has been considered safe and effective 
tor toothache. 

These preparations no longer are recognized officially 
t urthermore, dentists do not recommend the use of toothache 
drops if the patient has ready access to adequate dental 
services. Some preparations may damage the gums and pro- 
duce complications more severe than the original toothache 
However, many areas do not have adequate dental services 
and the pharmacist will, of necessity, handle these prepara- 
tions, and should warn the patient of possible hazards associ- 
ated with their use. 

Toothache Drops NP XI contains 25 g of chlorobutano) in 
sufficient clove oil to make the product measure 100 mL 
Another formulation contains creosote, clove oil, benzocaine 
and alcohol m a flexible collodion base. 



Emulsions 



An emulsion is a two-phase system prepared by combining 
two immiscible liquids, one of which is dispersed uniformly 
throughout the oiher and consists of globules that have diam- 
eters equal to or greater than those of the largest colloidal 
particles. The liquid that is dispersed into small droplets is 



called the dispersed, internal or discontinuous phase. The 
other liquid is the dispersion medium, external phase or con- 
tinuous phase. - 

Most emulsions incorporate an aqueous phase into a non- 
aqueous phase (or vice versa). However, it is possible to 



t 
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prepare emulsions that are basically nonaqueous. For ex. 
ample, investigations of the emulsifying effects of anionic and 
catiomc surfactants on the nonaqueous immiscible system 
glycerin and olive oil, have shown that certain amines and 
three catiomc agents produced stable emulsions. This broad- 
ening of the basic definition for the term emvlsixm is recog- 
nized in the USP. 6 

While the USP definition, given below, is broad enough to 
encompass nonaqueous systems, emphasis is placed on those 
emulsions which contain water, as they are by far the most 
common in pharmacy. 

The USP defines emulsions as follows: 

Emulsions are two-phase systems in which one liquid is 
dispersed throughout another liquid in the form of small 
droplets. Where oil is the dispersed phase and an aqueous 
solution is the continuous phase, the system is designated as 
an oil-in-water (O/W) emulsion. Conversely, where water or 
an aqueous solution is the dispersed phase and oil or oleagi- 
nous material is the continuous phase, the svstem is desig- 
nated as a water-in-oil (W/O) emulsion. * 

Applications 

When it is necessary to administer oils by the oral route 
patient acceptance is enhanced when the oil is prepared in 
emulsion form. Thus, mineral oil, a laxative, valproic acid an 
anticonvulsant, oil-soluble vitamins, vegetable oils and prepa- 
rations for enteral feeding are formulated frequently in an 
U/ vv emulsion form to enhance their palatability 

The bioavailability of oils for absorption may be enhanced 
when the oil is in the form of small droplets. Furthermore 
the absorption of some drugs, eg, griseofulvin, sulfonamides 
and vitamin A : may be enhanced when they are prepared in the 
form of an O /W emulsion. Emulsion formulations of drugs 
such as erythromycin and physostigmine salicylate have been 
considered, in order to improve their stability. Finally the 
greatest use of emulsions is for topical preparations. Both 
O/W and W/O emulsions are used widely, depending upon the 
effect desired. Emulsion bases of the W/O type tend to be 
more occlusive and emollient than O/W emulsion bases, which 
tend to be removed more easily by water. Further informa- 
tion may be found in Chapter 90. The effects of viscosity 
surface tension, solubility, particle size, complexation and 
recipients on the bioavailability of oral suspensions and emul- 
sions have been discussed in detail by Rettig. 17 

Practically . emulsions possess a number of important advan- 
tages over other liquid forms. These may be summarized in 
the following way: 

1 . In an emulsion, the therapeutic properties and the spreading ability 
of ihe constituents are increased. 

2 The unpleasant taste or odor of an oil can be masked partially or 
wholly by emulsification. Secondary masking techniques are available 
to the formulator but these must be used with caution. If flavors and 
sweetening agents are added to the emulsion, only minimal amount* 
should be used in order to prevent the nausea or gastric distress that 
results on ingestion of larger quantities of these. 

3. The absorption and penetration of medicaments are controlled 
more easily if they are incorporated into an emulsion. 

4 . E mulsion action is prolonged and the emollient effect is greater than 
thai observed with comparable preparations. greater wan 

HrL IT 15 ™ j nex P ensive d ^em and a good solvent for the many 
drugs and flavors that are incorporated into an emulsion. 

While this section on emulsions focuses primarily on those 
for oral use and to a lesser degree those for topical applica- 
tion it should be noted that there are a number of emulsions 
used parenteral^ which are described in specialized text- 
books on this topic. For example, emulsions of the O/W 
type are used for intravenous feeding of lipid nutrients. 

L^ US TK t0 Pr ° Vl ? e a SOurce of calories and ess *ntial 
ia.c> acias. These emulsions must meet exacting standards 

in regard to particle size, safety and stability. Examples of 

commercjal products include Intralipid {Cutter) and Liposvn 

{Abbott). Other specialized uses of emulsions include radi- 

opaque emulsions which are used as diagnostic agents for 



X-ray examination. Other types of emulsions employed par- 
entezdly include W/O emulsions of allerginic extract ££5i 
are given subcutaneously and radiopaque O/W sustained- 
release depot preparations given mtrarrmscularl^ SUStamed 

Ingredients 

The selection of the oil phase for oral preparations depends 

vfal^M 1VC ^ d COm 00 is for its nutri ent properties. 
Vegetable oas can be used to dissolve or suspend pharmaceu- 
ticals such as oil-soluble vitamins. The selection of the oil 

^te90° PiCal ° r W/ ° Preparati0ns is bussed in 
Emulsions are thermodynarnically unstable because of the 
arge increase in surface energy due to the combination of 

S£« I l nS T« and l *J ge surface *"* of ^ Aspersed 
phase and the different densities of the two phases As a 

result emulsions tend to cream, ie, the less dense phase rises 

and the more dense phase falls in the container. 

Subsequently, the droplets can coalesce with a considerable 

M» rlT \ S ^i e free energy * Consequently, consider- 
able research has been conducted on their preparation and 

S5 on' t™* J* 160 * ° f e™ 1 ^*™ is described in 
unapter <>0. In order to prepare suitable emulsions and to 
have them remain stable for a suitable period of time, a num- 

S^^ 16 ^ m ^ in their P^ation. The most 
miportant are those called emulsifying agents., which mav be 
divided into three classes. 

frnm v ?!!? Emttlfi Wng Agents— These substances may be derived 
from vegetable sources and include acacia, tragacanth, alginates chron- 
drus and pectin. While ihe surface acUvin- of these is low, thev a^h eve 
their emulsifying power by increasing the viscosity of the aqueous phic! 
u indicated by White." Examples of emulsifying agen* derived torn 
a^ma sources include gelatin, egg yolk, casein ! wool fat, cho5estero \ Z 

^ ? eC t U5 \°* the * d «* diffe ™ chemical constitution of Lhese 
compounds they have a variety of uses, depending upon the specific 
compound, ,n both oral and topical preparations. All naturally ocSg 

TtllSSJ"! S ^ emulsif > in fi denies from batch to batch. 
nh am £v * D ^ded SoBd^The compounds most frequently used in 

v™ ™ * thC Cnn f ldal Clays: Caluminum silicate) and 

veegum (magnesium aluminum silicate). These compounds are good 
emulsifiers and tend to be absorbed at the interface, effect an in^eaf ™n 

jot l with a surfactant to prepare OAV emulsions, bui both O/W and W/O 
Preparauons can be prepared by adding the clay to the external phase first 

3 T^T^^ ^ * PUrp ° SeS SUGh " a lo "™ « creaT " 
* mJ ^ ? Emulsifying Agents— This group of emulsifying agents 
.s most effective at lowering the imerfacial tension between the oU and 
jm*r phases because the molecule possess both hydrophilic^d ^ydrupho 

balance (HLB) number which may vary from 40 for sodium dodecyi sulfate 
£ lv a 'col' ^ d E f mulsif ^ W. retimes used singly, 2e prefer- 

HLB o£ * 1*"° e T UlSi ^ ng agen *> which wiU weighted 
for W/D £ ? ^ "JL atlsfactor y for O/W pulsions and an HLB 3 to 8 
Z*! emuls,ons ". The* emulsifying agents are available in different 
nZ ™° mC ' Cg: aodium d0decyl sulfate; c ^oni Cl eg, b X 

ZrhoKi 0nde: T™ 0 ^ eg * P°**M«* gl>*col 400 monosteame and 
amphoric, eg, long-chain amino acid derivatives. Many of these asents 

?hap"r C 20 " 80 m6ChaniSm ° f acti - is disSdt 

n,!U t d ??°v n ? ^ a S en ts, viscositj- agents are employed 

namely the hydrophilic colloids such as naturall/oclurring^ns , 2Sd 
nt^'l ""I f^^*^ Poller, such as cellulose d^l aUves? eg 
methylceUulw, hydroxypropylmethy] cellulose, sodium carboxvw hyl 
ce lulose or a number of synthetic polymers that may be^ ?Zch i as 

o ve 0 ^^ materialS " h >' dr « * nature « d£ 

SuW«2ffi ™ Walei l ° ^ 8 ViSC ° US S ° !uti - - d Action as 

The aqueous phase of the emulsion favors the growth of 

SSWT 18 be c aUSe ° f thiS - a P^e^ativeusuS is 
fi£ m P i°^ UCt *v, 1 S ° me 0f ^ Preservatives that have 
orena^rlnc "r' ! chloro J creso1 • chlorobutanol, mercurial 
T ° nS ' SBll 7 hc acidl ,thc esters of p-hydroxybenzoic 
acid, benzoic acid, sodium benzoate or sorbic acid The 

usfofThT 6 Sh ° Uld bG S ! leCted with re ^d fo^ttaS'tiiriS 
use of the preparation and possible incompatibilities between 
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the preservative and the ingredients in the emulsion, eg, bind- 
ing between the surface-active agent and the preservative. 
Low pH values of 5 to 6 and low concentrations of water are 
characteristics also likely to inhibit microbiological growth in 
emulsions. 

Most emulsions consist of a nonaqueous (or oil or lipid) 
phase and an aqueous (or water) phase, thus some of the 
preservative may pass into the oil phase and be removed from 
the aqueous phase. It is in the aqueous phase that microor- 
ganisms tend to grow. As a result, water-soluble preserva- 
tives are more effective since the concentration of the un- 
bound preservative in the aqueous phase assumes a great deal 
of importance in inhibiting the microbial growth. Esters of 
p-hydroxybenzoic acid appear to be the most satisfactory 
preservatives for emulsions. Many mathematical models 
have been used to determine the availability of preservatives 
in emulsified systems. However, because of the number of 
factors which reduce the effectiveness of the preservative, a 
final microbiological evaluation of the emulsion must be per- 
formed. 

While emphasis concerning preservation of emulsions deals 
with the aqueous phase, microorganisms can reside also in the 
lipid phase. Consequently, it has been recommended that 
pairs of preservatives be used to ensure adequate concentra- 
tion in both phases. Esters of p-hydroxybenzoic acid can be 
used to ensure appropriate concentrations in both phases 
because of their difference in oil and water solubilities. 

The oxidative decomposition of certain excipients in the oil 
phase in some pharmaceuticals is possible in emulsions, not 
only because of the usual amount of air dissolved in the liquid, 
and the possible incorporation of air during the preparation of 
the product, but also the large interfacial area between the oil 
and water phase. The selection of the appropriate antioxi- 
dant briefly described at the beginning of the chapter depends 
on such factors as stability, compatibility with the ingredients 
of the emulsion, toxicity, effectiveness in emulsions, odor, 
taste and distribution between the two phases. Additional 
information can be found in appropriate references and in 
textbooks listed in the Bibliography. 

Other excipients for the proper formation of emulsions 
include flavoring agents and fragrances. 

Preparation 

After the purpose of the emulsions has been determined, ie., oral or 
topical use, and the type of emulsions, O/W or W/O, and appropriate 
mgredjents selected and the theory of emulsulcation considered de- 
scribed in Chapter 2 1 , experimental formulations mav be prepared One 
method is suggested hy Griffin. :9 

J - Group the ingredients on the basis of their solubilities in the aoue- 
ous and nonaqueous phases. 

2 ' ,1?^,!™™ lhe ^ of emuJ sion required and calculate an approxi- 
mate HLB (hydrophile-lipophile balance) value. 

3. Blend a low HLB emulsifier and a high HLB emulsifier to the calcu- 
lated value. For experimental formulations, use a higher concentration 
of emulsifier (eg : 10 to 30% of the oil phase) than that required to produce 
a satisfactory product. Emulsifiers should, in general, be stable chemi- 
cally, nontoxic and suitably low in color, odor and taste. The emulsifier is 
selected on the basis of these characteristics, the type of equipment being 
used to blend the ingredients and the stability characteristics of the final 
product. Emulsions should not coalesce at room temperature, when 
frozen and thawed repeatedly or at elevated temperatures of up to 50° 
Mechanical energy input varies with the type of equipment used to prepare 
the emulsion The more the energy input, the less the demand on the 
emulsifier. Both process and formulation variables can affect the stabil- 
ity or an emulsion. 

4. Dissolve the oil-soluble ingredients and the emulsifiers in the oil 
Heat, if necessary, to approximately 5 to 10' over the melting point of the 
highest melting ingredient or to a maximum temperature of 70 to 80° ' 

o. Dissolve the water-soluble ingredients (except acids and in 
sufficient quantity of water. 

6: Heat the aq ueous phase to a temperature which is 3 to 5 C hieher than 
tnatof the oil phase. . 

7. Add the aqueous phase to the oily phase with suitable agitation 

8. If acids or salts are employed, dissolve them in water and add the 
solution to the cold emulsion. 

9. Examine the emulsion and make adjustments in the formulation if 
the product is unstable. It may be necessary to add more emulsifier, to 



change to an emulsifier with a slightly higher or lower HLB value or to use 
an emulsifier with different chemical characteristics. 

The technique of emulsification of pharmaceutical prepara- 
tions has been described by White. <• The preparation of an 
emulsion requires work to reduce the internal phase into small 
droplets and disperse them throughout the external phase 
This can be accomplished by a mortar" and pestle or a high- 
speed emulsifier. The addition of emulsifying agents not 
only reduces this work but also stabilizes the final emulsion 
Emulsions may be prepared by four principle methods. 

Addition of Internal Phase to External Phase— This is usually the 
most satisfactory method for preparing emulsions since there is always an 
excess of the external phase present which promotes the type of emulsion 
desired. If the external phase is water and the interal phase is oil the 
water-soluble substances are dissolved in the water and the oil- soluble 
substances mixed thoroughly in the oil. The oil mixture is added in 
portions to the aqueous preparation with agitation. Sometimes, in order 
to give a better shearing action during the preparation, all of the water is 
not mixed with the emulsifying agent until the primary emulsion with the 
oil is formed; subsequently, the remainder of the water is added An 
example using gelatin Type A is given below. 

Addition of the Externa! Phase to the Internal Phase— Using an 
O/W emulsion as an example, the addition of the water (external phase) to 
the oil (internal phase) will promote the formation of a W/O emulsion due 
to the preponderance of the oil phase. After further addition of the water 
phase inversion to an O/W emulsion should take place. This method 
especially is useful and successful when hydrophUic agents such as acacia 
tragacanth or meihylcellulose are first mixed with the oil. effecting dispel 

°^ Wet !! ng - ^ t6r iS added and ' ^ntually , an O/W emulsion is 
lormed. This dry gum technique is a rapid method for preparing small 
quantities of emulsion. The ratio 4 parts of oil, 2 parts of water and 1 part 
of gum provides maximum shearing action on the oil globules in the 
mortar. The emulsion then can be diluted and triturated with water to the 
appropriate concentrations. The preparation of Mineral OU Emulsion 
described below is an example. 

Mixing Both Phases after Warming Each— This method is used 
when wwes or other substances which require melting are used. The 
oil-soluble emulsifying agents, oils and waxes are melted and mixed 
thoroughly. The water-soluble ingredients dissolved in the water are 
warmed to a temperature slightly higher than the oil phase. The two 
phases then are mixed and stirred until cold/ For convenience, but not 
necessity, the aqueous solution Is added to the oil mixture. This method 
frequently is used in the preparation of ointments and creams An ex- 
ample of an oral preparation containing an insoluble drug is given below 

Alternate Addition of the Two Phases to the Emulsifying Agent A 

portion of the oil, if an O/W emulsion is being prepared, is added to all of 
the oil-soluble emulsifying agents with mixing, then an equal quantity of 

ZTr^T^ u g *" ^ water " sc > luble emulsifying agents is added with 
stirnng unU the emulsion is formed. Further portions of the oil and 
water are added alternately until the final product is formed. The high 
concentrauon of the emulsifying agent in the original emulsion makes the 
miual emulsification more likely and the high viscositv provides effective 
shearing action leading to small droplets in the emulsion. This method 
often is used successfully with soaps. 

Examples of some emulsions are given below. 

<J? w F r XUI l \ Was su SS ested that only O/W emulsions are 
suitable for oral use because these are water-miscible and thus 
their oihness is masked. This compendium gave specific 
directions for the preparation of emulsions using gelatin as an 
emulsifjing agent. These preparations are based on either 
lype A or Type B gelatin. 

type A gelatin is prepared by acid-treated precursors and is 
used at a P H of about 3.2. It is incompatible with anTonic 
emulsifying agents such as the vegetable gums. The follow- 
ing lormula was recommended. 

Gelatin CType A) 

Tartaric Acid \ n £ fi 

. Flavor as desired g 

Alcohol on t 

Oil oU mL 

puri^wa^ritom^e:::::::::::;:;:;:::::;;;:;;;;;;;; ™° 0 ^ 

Add the gelatin and the tartaric acid to about 300 mL of purified water 

ra.se he «empemnre to about 98< and maintain this temperature for kbc-m 
^0 mm. Cool u, 50°, add the flavor, the alcohol and sufficient purified 
water to make oOO ml. Add the oil. agiu* the mixture 
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pass it through a homogenizer or a colloid mill until the oil is dispersed 
completely and uniformly. 

This emulsion cannot be prepared by trituration or by the use of the 
usual stirring devices. 

Type B gelatin is prepared from alkali-treated precursors 
and is used at a pH of about 8.0. It may be used with other 
anionic emulsifying agents but is incompatible with cationic 
types. If the emulsion contains 50% oil, 5 g of Type B gela- 
tin. 2.5 g of sodium bicarbonate and sufficient tragacanth or 
agar should be incorporated into the aqueous phase to yield 
1 000 mL of product of the required viscosity. 

An emulsion that may be prepared by the mortar and pestle 
method is the following Mineral Oil Emulsion USP. 

Mineral Oil 500 mL 

Acacia, in very fine powder 1 25 g 

100 mL 

Yf 1 ^ • 40mg 

** co *° l 60 mL 

purified Water, a sufficient quantity ] 000 mL 

The mineral oil and acacia are mixed in a dry Wedgwood mortar. 
Purified water (250 mL) is added and the mixture triturated vigorously 
until an emulsion is formed. A mixture of the syrup, 50 mL of purified 
water and the vanillin dissolved in alcohol is addedin divided portions with 
trituration; sufficient purified water is then added to the proper volume, the 
mixture mixed well and homogenized. 

An Oral Emulsion (O/W) Containing an Insoluble Drug 20 

Cottonseed Oil 460.0 g 

Sulfadiazine 200\0g 

Sorb i tan Monostearate 84. Og 

Polyoxyethylene 20 Sorbitan Monostearate 36.0 g 

Sodium Benzoate 2.0 g 

Sweetener q S 

PurifledWater lOOO.Og 

Flavor Oil Q 5 

The procedure as indicated by Rieger 20 is 

1 . Heat the first three ingredients to 50 e and pass through colloid mill. 

2. Add the next four ingredients at 50° to the first three ingredients at 
6 5* and stir while cooling to 45°. 

3. Add the flavor oil and continue to stir until room temperature Is 
reached. 

Properties 

The type of emulsion O/W or W/O depends, to some extent, 
on the phase-volume ratio. The higher the fraction of one 
phase, the greater likelihood it will form the external phase. 
Thus, O/W emulsions are favored if water forms a greater 
fraction of the volume than the oil phase. However, it is 
possible for the internal phase of an emulsion to occupy up to 
0.74 of the volume of the emulsion and still form a stable 
product. Emulsifiers with high HLB level values (8 to 16) 
tend to form an O/W emulsion, while those with low HLB 
values (3 to 8) tend to form a W/O emulsion. 

The consistency of emulsions, as suggested by White, 18 can 
be increased by increasing the viscosity of the continuous 
phase, increasing the fractional volume of the internal phase, 
reducing the particle size of the internal phase, increasing the 
proportion of the emulsifying agent or adding hydrophobic 
emulsifying agents to the oil phase of the emulsion. 

The physical stability of emulsions may be defined by a 
number of expressions. The first of these, which is called 
creaming, is the movement of the droplets either upward or 
downward, depending upon their density. This gives a prod- 
uct which is not homogenous and can lead to a nonuniform 
dose. Generally, creaming is not a serious problem because 
a moderate amount of shaking will redisperse the droplets 
uniformly. The rate of creaming may be decreased by consid- 
ering the theory of creaming using Stokes law. Chapter 20 
This equation relates the rate of creaming to the size of the 
droplets, the difference in densities and the viscosity of the 
external phase. Thus., the rate of creaming mav be decreased 



by decreasing the size of the droplets and increasing the 
viscosity of the external phases, both of which have been 
discussed above. Minimizing the difference between densi- 
ties is more difficult to achieve due to a number of practical 
difficulties. 

When the droplets aggregate, they come together and act as 
a single unit, but do not fuse. As a result of the larger size, 
they tend to cream faster and further provoke phvsical 
instability. Aggregation is to some extent reversible and may 
be controlled by choosing a somewhat different surfactant 
system and controlling the electrical potential of the droplets. 
Coalescence of an emulsion is the fusion of the droplets, 
leading to a decrease in their numbers and eventually the 
complete separation of the two phases, yielding an unsatisfac- 
tory product which should be reformulated completely (see 
Chapter 21). 

Multiple Emulsions — A recent innovation in emulsion 
technology is the development of multiple emulsions. The 
dispersed phase of these emulsions contains even smaller 
droplets which are miscible with the continuous phase. Thus, 
the multiple emulsion may be OAV/O where the aqueous 
phase is between two oil phases, or W/O/W where the internal 
and external aqueous phases are separated by an oil phase. 
In these systems both hydrophobic and hydrophilic emulsifi- 
ers are used and both have an effect on the yield and stability 
as noted by Florence and Whitehall. 2 1 

It appears that O/W/O emulsions are formed better bv 
lipophilic, nonionic surfactants using gum acacia-emulsified 
simple systems, while W/O/W multiple emulsions are formed 
better by nonionic surfactants in a two-stage emulsification 
procedure. A specific formulation for a W/O/W emulsion 
may be prepared by forming the primary (W/O) emulsion 
fromisopropylmyristate (47.5%), sorbitan monooleate (2.5%) 
and distilled water to 1 00%. This primary emulsion (50%) is 
added to a polyoxyethylene sorbitan monooleate (2% iv/v) 
solution in water as suggested by Florence and Whitehill. 21 
Other formulations of multiple emulsions include carboxy- 
methylcellulose sodium, macrocrystalline cellulose, sorbitan 
monooleate and sorbitan trioleate. 

While the technique of preparing these emulsions is more 
complicated, research indicates potential use of these emul- 
sions for prolonged action, taste-masking, more effective dos- 
age forms, improved stability, parenteral preparations, protec- 
tion against the external environment and enzyme entrapment. 
These emulsions also maybe used to separate two incompat- 
ible hydrophilic substances in the inner and outer aqueous 
phases by the middle oil phase. 

Microemulsions — The coarse pharmaceutical macro emul- 
sions appear white and tend to separate on standing. Micro- 
emulsions are translucent or transparent, do not separate and 
have a droplet diameter in the nanometer size range. The 
microemulsions are not always distinguishable from micellar 
solutions. 

Both O/W and W/O types are possible and may be con- 
verted, one to the other, by adding more of the internal phase 
or by altering the type of emulsifier. As the internal phase is 
added, the emulsion will pass through a viscoelastic gel stage: 
with further addition, an emulsion of the opposite type wili 
occur. 

The most obvious benefit of microemulsions is their stabil- 
ity, thus providing dose uniformity. Usually, the emulsifier 
should be 20 to 30% of the weight of the oil used. The W/O 
systems are prepared by blending the oil and emulsifier with a 
little heat, if required, and then adding the water. The order of 
mixing for O/W systems is more flexible. One of the simplest 
methods is to blend the oil and the emulsifier and pour this 
into water with a little stirring. In no case can a microemul- 
sion be formed unless there is a match between the oil and 
emulsifier. 

if the emulsifier has been selected properly, microemulsifi- 
cation will occur almost spontaneously, leading to a satisfac- 
tory and stable preparation. The details of various prepara- 
tions and the relationship between microemulsions and 
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miceilar solutions have been reviewed by Prince et aL' dJ Micro- 
emulsions containing hydrocortisone have been prepared. 

Other authors suggest that the preparation of microemul- 
sions is considerably more difficult than the preparation of 
coarse suspensions. Rosano et ai 23 discusses the use of a 
primary surfactant adsorbed at the interface which influences 
the curvature of the dispersed phase. The amount of surfac- 
tant required may be estimated from the surface area of the 
droplets and the cross-sectional area of the surfactant 
molecule. The use of a cosurfactant to form a duplex film 
has been Indicated. The authors also suggest that the order 
of mixing is important 

General methods are available for testing the iastability of 
emulsions including bulk changes, centrifugal and ultracentri- 
fugal studies, dielectric measurement, surface-area measure- 
ment and accelerated-motion studies. Low-shear Theologi- 
cal studies measuring viscoelasticity are suggested as the 
optimal method of stability testing. 

Equipment 

The preparation of emulsions requires a certain amount of 
energy to form the interface between the two phases, and 
additional work must be done to stir the system to overcome 
the resistance to flow. In addition, heat often is supplied to 
the system to melt waxy solids and/or reduce the viscosity of 
the oil phase. Consequently the preparation of emulsions on 
a large scale usually requires the expenditure of considerable 
amounts of energy for heating and mixing. Careful consider- 
ation of these processes has led to the development of low- 
energy emuisification by using an appropriate em unification 
temperature and selective heating of the ingredients. This 
process, described by Lin, 24 involves the preparation of an 
emulsion concentrate subsequently diluted with the external 
phase at room temperature. 

Becauseof the variety of oils used, emulsifier agents, phase- 
volume ratios and the desired physical properties of the prod- 
uct, a wide selection of equipment is available for preparing 
emulsions and an outline of the main classes of equipment is 
discussed below. Further information mav be obtained from 
the Bibliography. 

Special techniques and equipment in certain instances will 
produce superior emulsions, including rapid cooling, reduc- 
tion m particle size or ultrasonic devices. A wide selection of 
equipment for processing both emulsions and suspensions 
has been described by Eisberg. 1 * A number of improve- 
ments have been made to make the various processes more 
effective and energy-efficient. 

The mortar and pestle may be used to prepare small quanti- 
ties of an emulsion, and it is one of the simplest and least 
expensive methods . It may be used for most of the different 
techniques of preparing emulsions. Generally, the final par- 
tide size is considerably larger than is achieved by the equip- 

it is necessary for the 
ingredients to have a certain viscosity prior to trituration in 
order to achieve a satisfactory shear. Satisfactory emulsions 
of low-viscosity ingredients and small volumes may be pre- 
pared using the appropriate equipment described below. 

Agitators— Ordinary agitation or shaking may be used to 
prepare the emulsion. This method frequently is employed 
by the pharmacist, particularly in the emuisification of easily 
dispersed low-viscosity oils. Under certain conditions, inter- 
mittent shaking is considerably more effective than ordinary 
continuous shaking. Continuous shaking tends to break up 
not only the phase to be dispersed but also the dispersion 
medium and in this way, impairs the ease of emuisification 
Laboratory shaking devices may be used for small-scale pro- 
duction. M 

Mechanical Mixers— Emulsions may be prepared by us- 
ing one of several mixers which are available. Propeller-tvpe 
mixers which have a propeller attached to a shaft driven bv an 

t e r C K n ^ m0t0T m <: onvenient a ^d portable and can be used 
for both stirring and emuisification. This type operates best 



in mixtures which have low viscosity, ie, mixtures with a 
viscosity of glycerin or less. They are also useful for prepar- 
ing emulsions, A turbine mixer has a number of blades which 
may be straight or curved, with or without a pitch, mounted on 
a shaft. The turbine tends to give a greater shear than 
propellers. The shear can be increased by using diffuser 
rings which are perforated and surround the turbine so that 
the liquid from the turbine must pass through holes The 
turbines can be used for both low-viscosity mixtures and 
medium-viscosity liquids, up to that of molasses. The degree 
of stirring and shear by propeller or turbine mixers depends 
upon several factors, such as the speed of rotation, pattern of 
liquid flow, position in the container and baffles in the con- 
tamer as discussed by Fox.* 0 

Production-size mixers include high-powered propeller- 
snaft stirrers immersed in a tank or self-contained units with 
propeller and paddle systems. The latter usually are con- 
structed so that the contents of the tank either may be heated 
or cooled during the production process. Baffles often are 
built into a tank and these increase the efficiency of mixing 
Two mixers manufactured by the same company are shown in 
rigs d and 3. 

Small electric mixers may be used to prepare emulsions at 
the prescription counter. They will save time and energy and 
produce satisfactory emulsions when the emulsifying agent is 
acacia or agar. 

The commercially available Waring Blendor disperses effi- 
ciently by means of the shearing action of rapidlv rotating 
blades. It transfers large amounts of energy and incorpo- 
rates air into the emulsion. If an emulsion first is produced 
by using a blender of this type, the formulate must remember 
that the emulsion characteristics obtained in the laboratory 
will not be duplicated necessarily by the production-size equip- 
ment. 

Colloid Mills— The principle of operation of the colloid 
mill is the passage of the mixed phases of an emulsion formula 

o nr^ een f fS2T and a hi S h - s P<*d rotor revoking at speeds of 
^000 to 1 8.000 rpm. The clearance between the rotor and 
the stator is aojustabie, usually from 0.001 in upward. The 
emulsion mixture, in passing between the rotor and stator is 
subjected to a tremendous shearing action which effects a fine 

iP 6 -!? l0n 0f unLform size ^ indicated bv Griffin et at. >» A 
colloid mUl and various rotors are shown in Figs 4 and 5 The 
operating principle is the same for all, but each manufacturer 
incorporates specific features which result in changes in oper- 




Fig 2. Standard slurry-type dispersall mixer with vaned-rotor "mix- 
ing element and slotted draft-tube circulating element (courtesy 
Aboe Eng). " 
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Fig 3. Standard paste-type dispersall mixer with "cupped-rotor" 
milling element and double-rotating mixing arm circulating element 
(courtesy, Abbe Eng) . 



ating efficiency. The shearing forces applied in the colloid 
mill usually result in a temperature increase within the 
emulsion. It may be necessary, therefore, to cool the equip- 
ment when the emulsion is being produced. 

Colloid mills are used frequently for the comminution of 
solids and for the preparation of suspensions, especially sus- 
pensions containing solids which are not wetted by the disper- 
sion medium. 

Homogenizers — Impeller types of equipment frequently 
produce a satisfactory emulsion; however, for further reduc- 
tion in particle size, homogenizers may be employed, as indi- 
cated by Scott. 27 

Homogenizers may be used in one of two ways: 

1 . The ingredients in Uie emulsion are mixed and then passed through 
the homogenizer to produce the final product. 





Fig 5. Types of rotors used in colloid milts. These may be smooth 
(for most emulsions), serrated (tor ointments and very viscous prod- 
ucts) or of vitrified stone (for the paints and pigment dispersions) 
(courtesy, Tri-Homo). 



2. A coarse emulsion is prepared in some other way and then passed 
through a homogenizer for the purpose of decreasing the particle size and 
obtaining a greater degree of uniformity and stability. 

The mixed phases or the coarse emulsion are subjected to 
homogenization and are passed between a finely ground valve 
and seat under high pressure. This, in effect, produces an 
atomization which is enhanced by the impact received by the 
atomized mixture as it strikes the surrounding metal surfaces. 
They operate at pressures of 1000 to 5000 psi and produce 
some of the finest dispersions obtainable In an emulsion. 

Figure 6 shows the flow through the homogenizing valve, 
the heart of the high-pressure APV Gaulin homogenizer. The 
product enters the valve seat at high pressure, flows through 
the region between the valve and the seat at high velocity wich 
a rapid pressure drop, causing cavitation; subsequent^, the 
mixture hits the impact ring causing further disruption and 
then is discharged as a homogenized product. It is postu- 
lated that circulation and turbulence are responsible mainly 
for the homogenization that takes place. Different valve as- 
semblies, two stage valve assemblies and equipment with a 
wide range of capacities are available. 

Two-stage homogenizers are constructed so that the emul- 
sion, after treatment in the first valve system, is conducted 
directly to another where it receives a second treatment, A 
single homogenization may produce an emulsion which, al- 
though its particle size is small, has a tendency to clump or 
form clusters. Emulsions of this type exhibit increased 
creaming tendencies. This is corrected by passing the emul- 
sion through the first stage of homogenization at a high pres- 
sure (eg, 3000 to 5000 psi) and then through the second stage 
at a greatly reduced pressure (eg, 1000 psi). This breaks 
down any clusters formed in the first step.. 

The Macro Flow-Master Kom-bi-nator employs a number 
of different actions, each of which takes the ingredients a liuie 
further along in the process of subdividing droplets, until 
complete homogenization results. The machine is equipped 
with a pump which carries the liquid through the various 
stages of the process. In the first stage, the ingredients are 
forced between two specially designed rotors (gears) which 
shoot the liquid in opposite directions in a small chamber and 
in this way, are mixed thoroughly. These rotors also set up a 
swirling action in the next chamber into which the liquid is 
forced and swirled back and forth in eddies and crosscurrents. 
The second stage is a pulsing or vibrating action at rapid 
frequency. The product then leaves this chamber, goes 
through a smai) valve opening and is dashed against the wall of 
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Fig 4. A colloid mill shown in cross section (courtesy, Tri-Homo). 



Fig 6. Operation of the homogenizer value assembly (Courtesy 
APV Gaulin). 
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the homogenizing chamber. Pressure is applied, but it Ls not as 
great as that used in other types of homogenizers. Pressure 
is controlled accurately by adjusting devices on the front of 
the machine : and temperature is controlled bv passing cool- 
ants through the stators. * 

For small-scale extemporaneous preparation of emulsions 
the inexpensive hand-operated homogenteer (available from 
Central Scientific) is particularly useful. It is probably the 
most efficient emulsifying apparatus available to the prescrip- 
tion pharmacist. The two phases, previously mixed in a 
bottle, are hand pumped through the apparatus. 
Kecirculation of the emulsion through the apparatus will im- 
prove its quality. 

A homogenizer does not incorporate air into the final 
product. Air may ruin an emulsion because the emulsifying 
agent is adsorbed preferentially at the air/water interface 
followed by an irreversible precipitation termed 
dentuvmatum. This is particularly prone to occur with 
protein emulsifying agents. 

Homogenization may spoil an emulsion if the concentration 
of the emulsifying agent in the formulation is less than that 
required to take care of the increase in surface area produced 
by the process. 

The temperature rise during homogenization is not very 
Jarge. However, temperature does play an important role in 
the emulsification process. An increase in temperature will 
reduce the viscosity and, in certain instances, the interfacial 
tension between the oil and the water. There are, however 
many instances, particularly in the manufacturing of cosmetic 
creams and ointments, where the ingredients will fail to emul- 
sify properly if they are processed at too high a temperature 



Emulsions of this type are processed first at an elevated tem- 
perature and then homogenized at a temperature not exceed- 

Homogenizers have been used most frequently with liquid 
emulsions, but now they may be used with suspensions, as the 
metal surfaces are formed from wear-resistant alloys which 
wm resist the wear of solid particles contained in suspensions 
v^SfE? 1 ' devices— The preparation of emulsions by the 
use of ultrasonic .vibrations also is possible. An oscillator of 
high frequency (100 to 500 kHz) is connected to two elec- 
trodes between which is placed a piezoelectric quartz plate 
The quartz plate and electrodes are immersed in an oil bath 
and, when the oscillator is operating, high-frequency waves 
flow through the fluid Emulsification is accomplished by 

fnTrv Tv^ g a tube contair * in g the emulsion ingredients 
into this oil bath. Considerable research has been done on 
ultrasonic emulsification, particularly with regard to the 
mechanism of emulsion formation by this method. Limited 

tS Shit T n 656 dCViCeS pmduce stable «orTs 
only with liquids of low viscosity. The method is not practical, 

however, for large-scale production of emulsions 

basiX!^ r dUC £ may * Prepared usm S Monies 
oased upon the device known as the Pohlman whistle. In this 

apparatus the premised liquids are forced through a thin 

KfJ^if* f°r d to ™ pir * e up o* the fr ee g ind oH 
£?£^f ? ^ 1Ch * mad€ t0 Ultrasonic waves 

£™ ? ll d T d ***** ° f com P re ssion and rarefaction are 
5 d n ^hock waves are Produced by the collapse of bubbles 



Suspensions 



The physical chemist defines the word "suspension" as a 
two-phase system consisting of a finely divided solid dis- 
persed in a solid, liquid or gas. The pharmacist accepts this 
definition and can show that a variety of dosage forms fall 
within the scope of the preceding statement. There is how 
ever a reluctance to be all-inclusive, and it is for this reason 
that the main emphasis is placed on solids dispersed in liquids 
In addition, and because there is a need for more specific 
terminology, the pharmaceutical scientist differentiates be- 
tween such preparations as suspensions, mixtures, magmas 
gels and lotions. In a general sense, each of these prepara- 
tions represents a suspension, but the state of subdivision of 
the insoluble solid varies from particles which settle gradually 
on standing to particles which are colloidal in nature The 
ower limit of particle size is approximately 0.1 urn, and it is 
the preparations containing dispersed solids of this maeni- 

sSs° r grCater that dCfined P* 13 ™ 3 " 1 *^'*' as suspen- 

Suspensions have a number of applications in pharmacy 
They are used to supply drugs to the patient in liquid form 
Many people have difficulty swallowing solid dosage forms' 
consequently a liquid preparation has an advantage for these 
people: in addition, the dose of a liquid form may be adjusted 
easily to meet the patient's requirements. Thus, if the drug is 
insoluble or poorly soluble, a suspension may be the most 
suitable dosage form. If a drug is unstable in an aqueous 

^Zal^V?!*™ ° f J the Such « «" or 
insoluble salt, which does not dissolve in water, may be used in 

the preparation of a suspension. 

In order to improve the stability of an antibiotic such as 
ampicillin, formulations are made in such a way chat the 
dispersion medium, water, is added upon dispensing to form a 
satisfactory suspension. Generally, the taste of ph£ma™u 
raf w T improved if they are supplied in suspension form, 
rather than solutions; thus, chloramphenicol palmitate is used 
instead of the more soluble form, chloramphenicol. Another 
way to decrease the solubility of the drug is to replace part of 
the water with another appropriate liquid such as alcohol or 



glycerin. Insoluble drugs may be formulated as suspensions 
for topical use such as calamine lotion ^P^sions 

noted^ov^T ° f sus P en f io ™. * addition to those 
noted above, uiclude parenteral preparations, ophthalmic 

87 K V m6diCated W 1 ^™ > discussed tacES 
87, 89 and 90, respectively. »f<.cis 

tB^S^"" alsomclu . de lintaents, and the newer sus- 

Kbiect Th^f PenSl0nS ' m My discus si°n of this particu- 
lai ' subject. The former preparations now usually are consid- 
ered as solutions although a number of older liruVnents were 
m fact, suspensions. The sustained-release suspensions reo 
d!™ H 6 " 7 cl *« of preparation and a^ such Ire 

discussed m more detail in Chapter 94 . Some insoluble draS 
also are administered in aerosol form; one example L S 
methasone phosphate suspended in a propeUant mixture of 
Sha P °er , S , 5 r0Carb0nS - deUB ° n a ' r °*° ls * ^£K X 

Suspension formulation and control is based on the Drin- 
ciples outlined in Chapters 20 and 22. Formulation^ 
votes more than suspending a solid in a liquid Ttoowkdge 
of the behavior of particles in liquids, of suspendKJents 
SS225T ^ C ° IOre 15 re ^^^P™duc P e a Sactor? 

properties™ Tt e Hr Pei ^ i0n v sho ? W p0Ssess b ^<= 
aU /nrt L £ dlspe f ed P hase should settle slowly, if at 
w . r ? dls P ersed readily on shaking. The panicles 
S 01 cake on setUln g ^d the viscosity should bTsuch 
Oat the preparation pours easily. As with all dosage formV 

sulpeS be n ° qUeStion chemical sta^ofThe 

Ingredients 

The main ingredients in a suspension are the drue anri 
iry .adjust pH. and the external medium, usually water In 
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A wettzng agent, ie, a suitable surfactant with a HLB value 
between 7 and 9, is used; although surfactants with higher 
HLB values are recommended sometimes, eg, certain polysor- 
bates and poloxamers. They are employed at a low concen- 
tration (0.05 to 0.5%) to allow the displacement of air from 
v hydrophobic material and permit the liquid, usually water, to 

surround the particles and provide a proper dispersion. If it 
is desirable to flocculate the particles, then flocculating agents 
are employed. Usually low concentrations, less than 1% of 
electrolytes such as sodium or potassium chloride are em- 
ployed to induce flocculation. Water-soluble salts possess- 
ing divalent or trivalent ions maybe considered if the particles 
are highly charged. 

Viscosity agents such' as natural gums, eg, acacia, xanathan 
and cellulose derivatives such as sodium carboxymethylcellu- 
lose and hydroxypropylmethylceUulose, mav be used at low 
concentrations («U%) to function as protective colloids 
but at higher concentrations they can then function as viscos- 
ity-increasing agents and they decrease the rate of settiirtg of 
deflocculated particles or provide stability in a flocculated 
suspension. 

The choice of an appropriate viscosity agent depends upon 
the end-use of the product (external or internal), facilities for 
preparation and the duration of storage. 

Extemporaneous preparations of suspensions for internal 
use showing good flow and suspending properties are pro- 
?orl by sodium carboxymethylceUulose 2.5%. tragacanth 
1 .2o% and guar gum 0.5%. Avicel RC-59 1 , a coprecipitate of 
microcrystalline cellulose and sodium carboxymethylceUu- 
lose ; stabilized with hydroxypropylmethylceUulose, has been 
used as a suspending vehicle for propranolol and orphen- 
adrine hydrochloride dispersions prepared from tablets. It 
also may serve as a general-purpose suspending agent 
Carbopol 934, 0.3% or greater was a satisfactory suspending 
agent for sulfamethazine 10%, maintaining a permanent sus- 
pension for more than 6 months. Other agents include aca- 
cia, methylceUulose or other cellulose derivatives and sodium 
alginate or tragacanth. 

Buffers may be considered if the drug has ionizable groups 
in order to maintain a low solubility of the drug. BuffeTs also 
; * . * ntrol the 

ionization of preservatives 
ionic viscosity agents or to maintain the pH of the suspensions 
within a suitable range. The external phase is usually water 
for oral preparations; however, other polar liquids such as 
glycerin or alcohol may be considered in order to control 
solubility stability and taste. The selection of the external 
phase is based upon taste, viscosity, density and stability 
Nonpolar liquids such as aliphatic hydrocarbons and fatty 
esters may be considered if the preparation is used for exter- 
nal purposes. 

preservatives should be incorporated in order 
to minimize microbiological contamination as discussed 
previously. The suspension must be acceptable to the pa- 
tient on the basis of its taste, color and cosmetic qualities 
(elegance), the latter two factors being of particular impor- 
tance m preparations intended for external use. 

Preparation 

The preparation of suspensions involves several steps- the 
first is to obtain the particles in the proper size range which is 

T.^l i ^ er t micro t meter ^e. Oral preparations should not 
eel graty, topical preparations should feel smooth to the 
touch and injectables should not produce tissue irritation 
particle size and distribution also should be considered in 
terms of bioavailability, or alternately, to control the rate of 
win t^u les °f ^ extreinel y s ^all size, less than 1 um 

r a us/n^hi ghCr SOlubi !j ty ^ lar * er particles ' whi <* may 
t£n !f? ms m f egard t0 ^ssolution and then the forma- 
tion of larger particles. 

Milling is the term given to the mechanical process of 

*f e ,P? rticle s ^ w kich may be accomplished by a 

pZt 2s 0f T hf>f rent tyP ^ ° f mach ^- as described by 
Parrots The hammer mill grinds the powders by the impact 



of rotating hammers and particles which subsequently fall 
through a screen in a range of 4 to 325 mesh are obtained A 
ball mill contains a number of steel balls in a container which 
revolves, and the balls reduce the particle size to a 20 to 200 
mesh by both attrition and impact A fluid-energy mill pro- 
duces particles 1 to 30 jun through violent turbulence in 
high-velocity air. Roller mills have two or more rollers which 
revolve at different speeds and the particles are reduced to a 
mesh of 20 to 200 by means of compression and a shearinc 
action. b 

On a small scale, in a pharmacy, the particles should be 
wetted thoroughly with a small quantity of water-miscible 
solvent, such as glycerin or alcohol, which reduces the liquid/ 
air mterfaaal tension. The suspending agent in the aqueous 
medium thenis added. Alternately, the dry suspending agent 
can be triturated with the drug particles using a small quantity 
of glycerin or alcohol and then brought up to volume with the 
diluent water. 

On a large scale, the drug particles are treated with a small 
portion of water which contains the wetting agent and allowed 
to stand for several hours in order to release entrapped air 
At the same time, the suspending agent should be dissolved or 
dispersed in the main portion of the external phase and al- 
lowed to stand until complete hydration takes place 
Subsequently, wetted drug particles should be added slowlv to 
the mam portion of the dissolved suspending agent Other 
excipients such as electrolytes or buffers should be added in a 
careful manner to prevent variation in particle charge The 
presences, flavoring agents and coloring agents are added 
Alter all additions have been made, treatment with homogeniz- 
es or ultrasonic devices should be used to reduce the size of 
agglomerated particles, as described bv Nash. 2p 

Suspension equipment such as colloid mills or homogeniz- 
es normally are used in wet-nulling finished suspensions to 
reduce particle agglomerates and to form a suitable prepara- 
tion (Figs. 4, 5 and 6). 

Quality 

The quality of the suspension can be determined in a num- 
ber of ways ; such as photomicroscopy, to determine particle 
shape, size and flocculation. The Coulter counter can be 
used to determine the size distribution. Physical stability ie 
the degree of settling or flocculation, may be determined bv 
using cylindrical graduates. Viscosity of the final product 
and the suspending agent dissolved in the liquid medium may 
be determined by moisture instruments such as the Brookfield 
viscometer Specific-gravity measurements are useful for de- 
termining the degree of air entrapped. Of course both micro- 
biological well as aging tests should be performed to deter- 
mine the efficiency of the preservative and the appropriateness 
oi tne iormulation with respect to stability and time. 

Suspensions from Tablets 

Occasionally, it is necessary to prepare a liquid formulation 
of a drug in order to meet certain requirements of the patient 
such as inability to injest a solid dosage form or to prepare a 
product for a different route of administration or different 
strength. The pure drug should be used to prepare the dos- 
age form rather than a tablet or a capsule because there is only 
one ingredient in the product; thus, no consideration has to be 
given to the excipients in the tablet or capsule. If it is neces- 
sary to prepare a liquid dosage form from tablets or capsules 
a suspension is formed if either the drug or one of the excipi- 
ents in the tablets or capsule is insoluble. The solubility of 
the drug may be determined from the literature; however "the 
excipients in the tablets or capsules are usually not knowrl 

insoluble excipients in these dosage forms may include 
certain dismtegrants, lubricants, glidants, colors, diluents and 
consec * uentl y' *^ough the drug may be soluble in 
water, many excipients are not. It is preferable to use the 
contents of capsules, or tablets which are not coated, or if 
coated , those tablets with a water-soluble coat In an v case 
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the contents of the capsules or the tablets should be ground 
finely with a mortar and pestle and then wetted using a little 
alcohol or glycerin as mentioned above, or with the dispersion 
medium using the mortar and pestle. 

Finally, it may be desirable to use a hand homogenizer to 
prepare a more suitable product. Some drugs which have 
been formulated in this manner include clonidine hydrochlo- 
ride and simple syrup, cefuroxime axetil in an orange syrup 
vehicle, famotidine in cherry syrup, terbutaline in syrup, pred- 
nisone in a tuttifrutti formulation, metoprolol tartrate or spi- 
ronolactone in a tragacanth-suspending vehicle or proprano- 
lol hydrochloride in a simple syrup. Many other examples 
may be found Ln current hospital and community pharmacy 
journals such as the American Journal of Hospital Phar- 
ma-cy, Canadian Journal of HospitalPkarmacy, U.S. Phar- 
macist Drug Development and Industrial Pharmacy. 
Frequently, stability data and, occasionally, bioavailability 
and /or taste data are provided. 

If the drug is soluble in water, a solution of the drug may be 
prepared by crushing the tablets in a mortar and pestle, tritu- 
rating with water, filtering and bringing the solution up to 
appropriate volume with water or other suitable vehicle if the 
preparation is for topical application or with a flavored aque- 
ous vehicle if it is for oral use. 

If the active ingredient in the tablet or capsule is not stable 
in an aqueous system, a different method of preparing the 
suspension is required. The tablet may be crushed and placed 
in a powder paper and dispensed in the form of individual 
powders. Each paper contains the active drug in one tablet 
or an appropriate dose. The powder is placed in a glass of 
water or suitable liquid, stirred and administered irnmediately . 
See Chapter 91 for divided powders. 

A. general formula to prepare suspensions from crushed 
tablets is given in Martindale. 30 



Methylcellulose20 0.75 

Parabens 0.1 

Purified Water 60.0 

Propylene Glycol 2.0 

Simple Syrup, to make j 00.0 

An extemporaneous suspension of cimetidine tablets which 
retained its potency at 40° over 14 days is: 

Cimetidine 300-mg tablets 24 (7 .2 g) 

Glycerin ]0mL 

Simple Syrup, to make 120 mL 



The tablets are triturated to a fine powder using a mortar, 
the mixture is levigated with the glycerin, simple syrup added, 
mixed weD , placed in a blender until smooth and then refriger- 
ated as described by Tortorici. 31 

Satisfactory suspensions have been compounded from di- 
azepam tablets and propranolol hydrochloride tablets, and 
they possess chemical stability for 60 days and 4 months, 
respectively, at room temperature or under refrigeration! 
Frequently, since the drug may be soluble, it is the excipients 
which are being suspended. 

A comprehensive checklist of suspension formulations has 
been reported in the literature by Scheer. 32 

Gels 

Pharmaceutical terminology is, at best, confusing and no 
two texts will classify gels, jellies magnas, milks and mixtures 
in the same way. The USFs definition for gels is given 
below. 

Gels (sometimes called Jellies) are semisolid systems consisting of 
either suspensions made up of small inorganic particles or large organic 
molecules interpenetrated by a liquid. Where the gel mass consists of a 
network of small discrete particles, the gel is classified as a two-phase 
system (eg, Aluminum Hydroxide Get). In a two-phase system, if the 
particle size of the dispersed phase is relatively large, the gel mass is 
sometimes referred to as a magma (eg, Bentonite Mag?na). Both gels 
and magmas may be thixotropic, forming semisolids on standing and 
becoming liquid on agitation. They should be shaken before use to 



ensure homogeneity and should be labeled to tha: effect. (See Sitspen- 

Single-phase gels consist of organic macro molecules distributed uni- 
formly throughout a liquid in such a manner that no apparent boundaries 
exist between the dispersed macromolecules and the liquid. Single- 
phase gels may be made from synthetic macromolecules (eg, Carbomer) 
or from natural gums (eg, Tragacanlh). The latter preparations also are 
called mucilages. Although these gels are commonly aqueous, alcohols 
and oils may be used as the continuous phase. For example, mineral oil 
can be combined with a polyethylene resin to form an oleaginous ointment 
base. 

Gels can be used to administer drugs topically or into body cavities (eg, 
PhenylepkHne Hydrochloride Nasal Jelly). 

The definition in the BP tends to be more restrictive in the 
sense that the gels are homogenous and are intended to be 
applied to the skin or certain mucous membranes. Gels may 
contain auxUiary substances such as antimicrobial preserva- 
tives, antioxidants and stabilizers. 

Schotr 33 has described various aspects of gels. At appro- 
priate concentrations of solute and solvent, gels consisting of 
two phases, eg. bentonite, are formed because of the attrac- 
tion between positively charged edges and the negatively 
charged faces, producing a three-dimensional network pen- 
etrated by the liquid phase. In the case of a single-phase 
system, the gels are formed as a result of secondary valence 
forces between the polymer molecules due to entanglement of 
the chains. Permanent gels are formed when three-dimen- 
sional polymerization of multifunctional polymers occurs or 
when there is cross-linking of dissolved polymer molecules by 
primary valence bonds. These permanent gels are used as 
matrices for prolonged-release preparations (see Chapter 94) 
and are not discussed further in this chapter. 

Two-phase gels containing bentonite may be used as a base 
for topical preparations such as plaster and ointment. 
Another two-phase gel, Aluminum Hydroxide Gel USP is used 
for its therapeutic properties. 

The USP states that 

Aluminum Hydroxide Gel is a suspension, each 1 00 g of which contains 
the equivalent of not less than 5.5 g and not more than 6.7 g of aluminum 
hydroxide (Al(0H) n | ; in the form of amorphous aluminum hydroxide in 
which there is a partial substitution of carbonate for hydroxide. 

The gel itself usually is prepared by the interaction of a 
soluble aluminum salt, such as a chloride or sulfate, with 
ammonia solution, sodium carbonate or bicarbonate. The 
reactions which occur during the preparation are 

300/" + 3H 2 0 -> 3HCCV + 30H" 

[Al(H 2 0) 6 ] :i+ + 30H- -* [Al[H 2 0) 3 (OH) 3 ] + 3H 2 0 

2HC0 3 - C0 3 2 - + H 2 0 + C0 2 

The physical and chemical properties of the gel will be af- 
fected by the order of addition of reactants, pH of precipita- 
tion, temperature of precipitation, concentration of the reac- 
tants, the reactants used and the conditions of aging of the 
precipitated gel. 

Aluminum Hydroxide Gel is soluble in acidic (or very 
strongly basic) media. The mechanism in acidic media is 

Aluminum Hydoxide Gel + 3H 2 0 [Al(H 2 0) 3 (OH) 3 )° 

[AICH.OjCOH):,] 0 + H 3 0 4 - [Al(H 2 0),(OH),]- + H 2 0 

[Al(H 2 0),(OH) 2 ] + + H 3 0 + -* [Al(H 2 0) 5 (OH) 2 + + H 2 0 

[Al(H 2 0) 5 (OH)] 2+ + H 3 0- - [A1(H 2 0) 6 ) 3+ + H 2 0 

It is unlikely that the last reaction given proceeds to 
completion. Since the activity of the gel is controlled by its 
insolubility (solubility will decrease with an increase in the pH 
of the gastric media), there is no acid rebound. Further, 
since a certain quantity of insoluble gel always is available, the 
neutralizing capability of the gel extends over a considerable 
period of time. 

Aluminum hydroxide gels also may contain peppermint oil, 
glycerin, sorbitol, sucrose, saccharin and various pre- 
servatives. Sorbitol improves the acid -consuming capac- 
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ity, apparently by inhibiting a secondary polymerization that 
takes place on aging. In addition, polyols such as mannitol, 
sorbitol and inositol have been shown to improve the stability 
of aluminum hydroxide and aluminum hydroxycarbonate gels. 

Other two-phase gels of the USP include Aluminum Phos- 
phate Gel and Aluminum Carbonate gels. Some of these 
products also occur in the dried form and are also called gels. 

Single-Phase Gels — The single-phase gels are being used 
more frequently In pharmacy and cosmetics because of sev- 
eral properties: semisolid state, high degree of clarity, ease 
of application and ease of removal and use. The gels often 
provide a faster release of drug substance, independent of the 
water solubility of the drug, as compared to creams and ointments. 

Some recent gel formulations Include ophthalmic prepara- 
tions of pilocarpine, carbachol and betamethasone valerate; 
topical preparations for burn therapy, anti-inflammatory treat- 
ment, musculoskeletal disorders and acne; peptic ulcer treat- 
ment with sucralfate gel and bronchoscopy using lidocaine. 
Cosmetic gels include shower gels, after shave gels and sun- 
screen gels. The USP lists a number of gels: Sodium Fluo- 
ride and Phosphoric Acid Gel for application to the teeth to 
reduce cavities, Betamethasone Benzoate Gel and Fluoci- 
nonide Gel, anti-inflammatory corticosteroids, TolnaftateGel, 
an antifungal agent and Tretinoin Gel for the treatment of 
acne. Gels may be used as lubricants for catheters, bases for 
patch testing, sodium chloride gels for electrocardiography. 

Gels can be prepared from a number of pharmaceutical 
agents such as tragacanth 2 to 5%, sodium alginate 2 to 10% 
gelatin 2 to 15%, methylcellulose 450 at 3 to 5%, sodium 
carboxymethylcellulose 2 to 5%, carbomer 0.3 to 5% or poly- 
vinyl alcohols 1 0 to 20% as noted by Collett. 34 Other gelling 
agents include methylhydroxyethyl cellulose, polyoxyethyl- 
ene-polyoxypropylene, hydroxyethylcellulose and gelatin- 
Gels prepared from nonpolar materials such as magnesium 
soap-hydrocarbon and hydrocarbons are being investigated. 
The percentages above indicate the concentration ranges of 
the gelling agent. 

Some fluid gels at or below the lower of the above concentra- 
tions can be used as artificial saliva and artificial tears. The 
lower-percentage preparations, noted above, may be used as 
lubricants and the higher-percentage preparations as derma- 
tological bases. Some of the gelling agents are available in 
different grades indicating the viscosity at a definite 
concentration. In general, high-viscosity grades result in gels 
at lower concentrations. An example of a gel containing a 
natural polymer, tragacanth, is: 

Ephedrine Sulfate Jelly NF XII 

Ephedrine Sulfate j q g 

Tragacanth...-. 10 | 

Methyl Salicylate 0 lc 

Eucalyptol ] \ j 0 'J* 

Pine Needle Oil q 1 mL 

Gly«rin 150g 

Purified Water 830m g 

Dissolve the ephedrine sulfate in the purified water and add the glycerin 
tragacanth and then the remaining ingredients. Mix well and keep in a 
closed container for 1 week, stirring occasionally. 

In order to prepare uniform gels, it is necessary to disperse 
the gelling agent in such a manner that it does not form clumps 
upon the addition of water. Some techniques include the 
addition of a small quantity of dispersing agent such as alco- 
hol or glycerin and trituration. Another technique is to 
sprinkle the gelling agent into a vortex of stirred water If 
there are a number of other powders in the preparation, the 
gelling agent first may be triturated with these powders' fol- 
lowed by the addition of water. Shaking the material 'in a 
bottle, mixing in a mortar with a pestle or using a mechanical 
stirrer also are employed. Specific information on the gel- 
ling agents is useful in preparing the gels, as described by Zatz 
andKushla. J5 

Gels have been prepared in adhesive form in order to in- 
crease the contact time of the active ingredients, such as 



insulin with the oral and nasal mucosa, leading to a decrease in 
plasma glucose. This system also has been investigated as a 
vaginal dosage form for cervical cancer and a topical dosage 
form for aphthous stomatitis. 

Preservatives should be incorporated into the gels, espe- 
cially those prepared from natural sources. Appropriate pre- 
servatives, depending upon use and the gelling agent, include 
the parabens at about 0.2%, benzoic acid 0.2% (if the product 
is acidic) and chlorocresol 0. 1 %. 

The preparation of a few gel bases is given below: 

Sodium Alginate Gel Base 

Sodium Alginate 2-] 0 e 

Glycerin 2-10g 

Methyl Hydro xybenzoate 0.2 g 

a soluble calcium salt (calcium or gluconate) 0 5 g 

Purified Water, to make 100 mL 

The sodium alginate is wetted in a mortar with glycerin, which aids the 
dispersion. The preservaUve is dissolved in about 80 mL of water with 
the aid of heat, allowed to cool and the calcium salt added, which will 
increase the viscosity of the preparation. This solution is stirred in a high 
speed stirrer and the sodium ajginate-glycerin mixture added slowly while 
sumng, until the preparation is homogeneous. The preparation should 
be stored in a tightly sealed container in a wide mouth jar or tube. 

Carbomer Jelly 

Carbopol 934 2 g 

Triethanolamine ^^ii 1.65 mL 

Parabens ^ 

Purified Water, to make lOOmL 

The parabens are dissolved in 95 mL of water with tfie aid of heat and 
allowed to cool. The Carbopol 93-1 , a commercial grade of carbomer, is 
added In small amounts to the solution using a high speed stirrer and, after 
a smooth dispersion is obtained, the preparation is allowed to stand 
permitting entrapped air to separate. Then the gelling agent, triethanol- 
amine, is added, dropwise : stirring with a plastic spatula to avoid entrap- 
ping air and the remaining water incorporated. Other concentrations of 
carbomer can be used to prepare gels, creams or suspensions. 

Gels may contract on standing and some of the solvent then 
is squeezed out. This process is called syneresis and will 
present a problem in the long-term stability of gels. The 
addition of relatively large quantities of salts may cause a 
salting-out of polymers, especially those of an ionic nature. 
The effect of increasing the temperature may cause rigid gels 
to melt An example of an exception to this phenomenon is 
the gelrfication of methylcellulose which gels as the tempera- 
ture rises above - 50°, This phenomenon is called thermal 
gelation, as described by Schott. : * In order to minimi2e 
water loss from single-phase gels, humectants such as propyl- 
ene glycol, glycerin or sorbitol are added. 

Lotions 

Lotions are not defined specifically in the USP, but the BP 
provides a definition which is broad in nature and indicates 
that lotions are either liquid or semiliquid preparations which 
contain one or more active ingredients in an appropriate 
vehicle. Lotions may contain antimicrobial preservatives and 
other appropriate excipients such as stabilizers. Lotions are 
attended to be applied to the unbroken skin without friction 
Lotions are usually suspensions of solids in an aqueous 
medium. A few lotions are, in fact, emulsions or solutions 

Even though lotions usually are applied without friction the 
insoluble matter should be divided very finely. Particles ap- 
proaching colloidal dimensions are more soothing to inflamed 
areas and effective in contact with infected surfaces A wide 
variety of ingredients may be added to the preparation to 
produce better dispersions orto accentuate its cooling sooth- 
"ig> drymg or protective properties. Bentonite is a good 
example of a suspending agent used in the preparation of 
lotions Methylcellulose or sodium carboxymethylcellulose. 
eg, will localize and hold the active ingredient in contact with 
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the affected site and at the same time be rinsed off easily with 
water. A formulation containing glycerin will keep the skin 
moist for a considerable period of time. The drying and 
cooling effect may be accentuated by adding alcohol to the 
formula. 

Dermatologists frequently prescribe lotions containing an- 
esthetics, antipruritics, antiseptics, astringents, germicides, 
protectives or screening agents, to be used in treating or 
preventing various types of skin diseases and dermatitis. 
Antihistamines, benzocaine, calamine, resorcin, steroids, sul- 
fur, zinc oxide, betamethasone derivatives, salicylic acid, saf- 
flower oil, minoxidil and zirconium oxide are ingredients com- 
mon in unofficial lotions. In many instances the cosmetic 
aspects of the lotion are of great importance. Many lotions 
compare badly with cosmetic preparations of a similar nature. 
The manufacture of fine lotions to meet the specialized needs 
of the dermatologist provides the pharmacist with an excel- 
lent opportunity to demonstrate professional competence. 
Extensive studies on lotions, as described by Harb, 3C> will 
assist the pharmacist to attain this goal. 

Lotions may be prepared by triturating the ingredients to a 
smooth paste and then adding the remaining liquid phase with 
trituration. High-speed mixers or colloid mills produce bet- 
ter dispersions and, therefore, are used in the preparation of 
larger quantities of lotion . Calamine Lotion USP is the clas- 
sic example of this type of preparation and consists of finely 
powdered, insoluble solids held in more or less permanent 
suspension by the presence of suspending agents and/or sur- 
face-active agents. 

The formula and the method of preparation of Calamine 
Lotion USP is given 

Calamine Lotion 



Calamine 80 g 

Zinc Oxide 80 g 

Glycerin 20 mL 

Bentonite Magma 250 mL 

Calcium Hydroxide Topical Solution, a sufficient 

quantity . to make 1 000 mL 



Dilute the benionite magma wiLh an equal volume of calcium hydroxide 
topical solution. Mix the powder intimately with the glycerin and annul 
100 mL of the diluted magma, triturating until a smooth, uniform paste is 
formed. Gradually incorporate the remainder of the diluted magma. 
Finally add enough calcium hydroxide topical solution to make 1O00 mL. 
and shake well. 

If a more viscous consistency in the Lotion is desired, the quantity of 
bentonite magma may be increased to not more than 400 mL. 

Many investigators have studied Calamine Lotion and this 
has led to the publication of many formulations, each possess- 
ing certain advantages over the others but none satisfying the 
collective needs of all dermatologists. 

Formulations containing Avicel R (hydrated macrocrystal- 
line cellulose, FMC) and carboxymethylcellulose settle less 
than the official preparations. 



Calamine lotion 



Calamine 8g 

Zinc Oxide 8g 

Glycerin 2 mL 

Avicel R Gel 2g 

Carboxymethylcellulose 2 g 

Calcium Hydroxide Solution, a sufficient 

quantity, to make 1 00 mL 



Mix 45 g of Avicel R with 55 g of water with a suitable electric mixer. 
This gel is used in the preparation of the calamine lotion. Mix the cala- 
mine and the zinc oxide with the glycerin, the gel and thr* 
carboxymethylcellulose. Add sufficient calcium hydroxide solution tn 
make the product measure 1 00 mL. 

While most lotions are prepared by trituration, some lotions 
are formed by chemical interaction in the liquid. White Lo- 
tion is an example. 



White Lotion 

Zinc Sulfate 40 g 

Suifurated Potash 40 g 

Purified Water, a sufficient quantity to make 1 000 mL 

Dissolve the zinc sulfate and the suifurated potash separately, each in 
450 mL of purified water and filter each solution. Add slowly the suifu- 
rated potash solution to the zinc sulfate solution with constant stirring. 
Then add the required amount of purified water, and mix. 

Suifurated potash is a solid of variable composition but 
usually is described as K jS ;j -KyS^O :i . The chemical reaction 
which occurs when suifurated potash solution is added to the 
zinc sulfate is 

ZnSOj • 7rLO + K 2 S :J ■ K :! S 2 0 :i — ZnS - S-,, 

+ K 2 S0 4 + K 2 SoO ; , + 7HoO 

This lotion must be prepared fresh and does not contain a 
suspending agent. Bentonite Magma has been used in some 
formulations. Coffman and Huyck* 7 include a detailed dis- 
cussion of the chemistry and the problems involved in the 
preparation of a suitable product. 

An example of a lotion that is an emulsion is Benzyl Benzo- 
ate Lotion USP. The formula and method of preparation are 
as follows; 



Benzyl Ben to ate 250 mL 

Trie thanol amine ty g 

Oleic Acid .' 20 g 

Purified Water 750 mL 

To make about 1 000 mL 



Mix the trteihanolamine with the oleic acid, add the benzyl henzoate, and 
mix. Transfer the mixture to a suitable container of about 2000-mL 
capacity, add 250 mL of purified water, and shake the mixture thoroughly. 
Finally add the remaining purified water, and again shake thoroughly. 

The triethanolainine forms a soap with the oleic acid and 
functions as the emulsifying agent to form a stable product. 
This type of emulsifying agent is almost neutral in water and 
gives a pH of about 8 and thus should not irritate the skin. (i 
An example of the wide variety of formulations of benzyl 
benzoate is provided by Bhargava and Nicolai. :w 

Some lotions are clear solutions as exemplified by Amino- 
benzoic Acid Lotion BP. 



Aminobenzoic Acid 50 g 

Glycerol 200 mL 

Ethanol 96% r,00 mL 

Purified Water freshly boiled and cooled, 

sufficient to produce 1 000 mL 



Dissolve the aminobenzoic acid in the ethanol 96%. add the glycerol and 
sufficient purified water to produce 1000 mL and mix. The ethanol is 
used to dissolve the aminobenzoic acid and provide a cooling effect. The 
glycerol (glycerin) is used for iLs emollient effect. Since lotions may be 
solutions, suspensions or emulsions, the method of preparation is similar 
to those types of formulations described above. 

Several lotions are listed in the USP and contain, for ex- 
ample, antibiotics, steroids, scabicides and sunscreens. 
A formula for hydrocortisone lotion is given in the PC. 

Hydrocortisone Lotion 



Hydrocortisone, in ulirafine powder 1 0.0 g 

Chlorocresol 0.5 g 

; Self -emulsifying monostearin 40.0 g 

Glycerol 63.0 g 



Purified water, freshly boiled and cooled to make ... 1 000.0 g 

To prepare the base, the chlorocresol is dissolved in 850 mL of water 
with the aid of gentle hea t, the self- emulsifying monosiearin is added and 
the mixture hea te'o r ~tol)0 w wit h stirring until completely dispersed. The 
hydrocortisone is triturated with" the glycerol and the trituration is then 
incorporated, with stirring, int o the warm base, allowed to cool while 
stirring, then add the remainder of the water and mix. ' 

Certain lotions tend to separate or stratify on long standing, 
and they require a label directing that they be shaken well 
before each use. All lotions should be labeled ' Tor External 
Use Only." 
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Microorganisms may grow in certain lotions if no preserva- 
tive is included. Care should be taken to avoid contaminat- 
ing the lotion during preparation, even if a preservative is 
present. 

Magmas and Milks 

Magmas and milks are aqueous suspensions of insoluble 
inorganic drugs and differ from gels mainly in that the sus- 
pended particles are larger. When prepared, they are thick 
and viscous and, because of this, there is no need to add a 
suspending agent. 

Bentonite Magma USP is prepared by simple hydration 
Two procedures are given for the preparation of this product 
and these are described in Chapter SO. Dihydroxyaluminum 
Aminoacetate Magma is the other magma in the USP. 

Milk of Magnesia USP is a suspension of magnesium hydrox- 
ide containing not less than 80 mg of Mg(OH)o per mL. The 
specifications for double strength or triple strength are that 
these products should contain not less than 1 60 mg or 240 mg 
of Mg(OH) 2 per mL, respectively. It has an unpleasant, 
alkaline taste which can be masked with 0.1% citric acid (to 
reduce alkalinity) and 0.05% of a volatile oil or a blend of 
volatile oils. Magnesium hydroxide is prepared by the hydra- 
tion of magnesium oxide. 

MgO + H 2 0 Mg(OH) 2 

Milk of Bismuth USP contains bismuth hydroxide and bismuth 
subcarbonate in suspension in water. The Magma is pre- 
pared by reacting bismuth subnitrate with nitric acid and 
ammonium carbonate with ammonia solution and then mix- 
ing the resulting two solutions. 

The following reactions occur during the preparation of the 
magma. 

0'H 4 ) 2 CO a - 2NH 4 + + C0 3 *- 
NH a + H 2 0 — NH 4 + + OH' 
2BiO* + C0 3 2 - -> (BiO) 2 C0 3 
BiO" + OH" -* BiO(OH) 

If the insoluble substance is precipitated fresh by mixing 
hot, dilute solutions, there is only slight sedimentation on 
standing. This characteristic of milks or magmas sometimes 
is enhanced by passing the product through a colloid mill. 

For the most part, magmas and milks are intended for 
internal use, eg, Milk of Magnesia USP and Dihydroxy Alumi- 
num Aminoacetate Magma USP, although Bentonite Magma is 
used primarily as a suspending agent for insoluble substances 
tor local application and occasionally for internal use All 
magmas require a "Shake Well" label. Freezing must be 
avoided. r 

Several antimicrobial preservatives have been tested in liq- 
uid antacid preparations for their stability and effectiveness 
such as benzoic acid, chlorhexidine, methylparaben, propyl' 
paraben, sorbic acid, propylene glycol or ethanol. It was 
found that a combination of methylparaben and sorbic acid 
was superior to the parabens alone. 

Mixtures 

nn T i ie J JSP ? oes not rec °gn"e the term mixture; however, the 
BP defines the term as 

Mixtures are oral liquids containing one or more active ingredients dis- 
solved., suspended or dispersed in a suitable vehicle. Suspended solids 
may separate slowly on standing, but are easily redispersed on shaking. 

The insoluble substance usually does not make the mixture 
very viscous, and the particles may be held in suspension bv 
wt n L™!f bl V Uspent ^ 5 °' thickening agents. This class 
*as introduced originally to secure uniformity in the formulas 

FreouS Z and largely used Preparations, 

frequently, the term mixture is applied loosely to aaueous 

t e r ery -H description - * he 

is used often for liquid preparations which contain insoluble 
ingredients and, therefore, must be shaken before use. The 



term suspension is used to describe a number of similar 
preparations. *imuar 

The following is a formula for a mixture in the BP, which is a 
solution for an extemporaneous preparation. 

Ammonium Chloride Mixture 

Ammonium Chloride 3 0Q 

Aromatic Ammonia Solution trimi 

Liquorice Liquid Extract loOmL 

Water for Preparations to j 000 ^ 

It should be prepared recently. 

The following mixture is an example of a suspension and is 
used for the treatment of diarrhea. The pectin and the traga- 
canth in Kaolin Mixture with Pectin act as suspending agents 
An alternate formula, based on Veegum (Vanderbm and 
KaUsT 39 Carboxymethylcellulose > has be en proposed by 

Kaolin Mixture with Pectin 

Veegum 088 e 

Sodium Carboxymethyicellulose . . n 9? 5 

Purified Water -o 'Tof 

=::::::::::: KS! 

Add the Veegum and the sodium carboxymethvlcellulbse to the water 
with continuous stirring. Add, with mixing, the kaolin. Mix the pectin 
saccharin and glycerin and add to the suspension. A preservative and 
flavoring agent may be added to the product. 

The insoluble material in mixtures must be in a very finely 
divided state and uniformly distributed throughout the 
preparation. This is accomplished with coUoid mills, special 
methods of precipitation and suspending agents. There are 
three main reasons for having the insoluble substances in as 
fine a state of subdivision as possible. 

1 . The more nearly the colloidal state is approached bv protectees 
such as kaohn, magnesium trisilicate or magnesium phosphate, the more 
active (hey become as adsorbents and protectees *hen m contact with 
iniiamed surfaces. 

2. Finely divided particles are suspended more readily and setUe out 
much more slowly than large particles, thus enabling the patient to obtain 
uniform doses of suspended substances. Homogeneous mixtures are 
desirable especially when administering medication to form an evenly 
distributed, protective coaUng on the gastrointestinal tract 

™n -J!* paiat * bUit >' of man . v Preparations is enhanced by the use of 
colloidal suspending agents. 

»^ n^ n ^^ g sus P ende 4 niaterial should have a 
disused 6d t0 the container m which they 

Mixtures., including suspensions, are subject to contami- 
nation by microorganisms that remain viable and are a po- 
tential health hazard during the period of use of the products 
burvival times of organisms depend on the preservative used 

kaoun Pediatric mixture that contains benzoic acid kills 

organisms survived for more than 
a week m a magnesium trisilicate mixture that contained no 
more than a trace of peppermint oil , as noted by Westwood. 40 

Official Suspensions 

ei^t USP P -!" S P articular emphasis on the term suspen- 
sion by providing specific definitions for a variety of oral 
parenteral and ophthalmic preparations formulated in such a 
way that an insoluble substance is suspended in a liquid at 

f kp ritfi g >- ^ 6 manufactu ring or dispensing process. The 
UbP definition begins as follows: 

noX!^ T ' iqUi , d P?"* 10 "* *Nch consist of solid particles di» 
Dosal fo™ 8 r a ,, UqUid PhaSe in Which the P*" 1 ' 1 ** « ~l soluble. 
KEfi™ ™ i£i ' h h"" 8 ? rtoed " Sus P ensi0 «s are designated as such 

S^JoSTa^SS m 0t T ef m °, re speeific ca "g°ries of suspensions, 
VlfL™ r Suspensions. Topical Suspensions, eic (see these other 
categones). Sorne suspensions are prepared and ready for use, 3m£ 
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others are prepared as solid mixtures intended for constitution just before 
use with an appropriate vehicle. Such products are designated "for Oral 
Suspension," etc. 

This definition relates the term suspension to milks, mag. 
mas and lotions which have been described above. 

While there are a number of monographs dealing with sus- 
pensions in the USP, neither the definition nor the mono- 
graphs give specific directions for the preparation of the sus- 
pension, although pharmacopeias usually permit the addition 
of suitable flavoring agents, suspending agents, preservatives 
and certified color additives. One procedure for the prepara- 
tion of the commonly used TrisulfapjTimidines Oral Suspen- 
sion is given below. 



Trisulfapyrimidines Oral Suspension 

Vee eu m i.oo« 

S^P*SP 90.60 g 

Sodium Citrate n 7 R o 

Sulfadiazine 254g 

Sulfamerazine ...]]..]. 254 e 

Sulfamethazine 254 g 

Add the Veegum. slowly and with continuous stirring, to the syrup 
Incorporate the sodium citrate into the Veegum-syrup mixture. Premix 
the sulfa drugs, add to the syrup, stir and homogenize. Add sufficient 5% 



citric acid to adjust the pH of the product to 5.6. A preservative and a 
flavonng agent may be added to the product. 

f Methods of preparation for those formulations which con- 
tain several active ingredients and are produced in large quan- 
tities tend to be more complex than that given above and are 
described previously. 

Many formulations for suspensions are given in the BP and 
trie i-v under Mixtures, 

A properly prepared suspension has a number of desirable 
properties: 

1 . The suspended material should not settle rapidly 

2. Parttclesthat do settle should not form a hard cake and easilv should 
be resuspended uniformly on shaking. 

3. The suspension should pour freely from the container. 

Insoluble powders that do not disperse evenly throughout 
the suspending medium, when shaken, should be powdered 
finely and levigated with a small amount of an agent such as 
glycerin, alcohol or a portion of the dispersion of the sus- 
pending agent. The other ingredients are incorporated and 
the remainder of the dispersion of the suspending agent is 
incorporated gradually by trituration to produce the appro- 
priate volume. Hy 

Suspensions intended for parenteral or ophthalmic use also 
are described m the USP. For a discussion of these suspen- 
sions, see Chapter 87 and 89. 
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Extraction 



Extraction, as the term is used pharmaceutical^, involves 
the separation of medicinally active portions of plant or ani- 
mal tissues from the inactive or inert components by using 
selective solvents in standard extraction procedures. 

The products so obtained from plants are relatively impure 
liquids, semisolids or powders intended only for oral or exter- 
nal use. These include classes of preparations known as 
decoctions, infusions, fluidextracts ; tinctures, pilular (semi- 
solid) extracts and powdered extracts. Such preparations 
popularly have been called galenicals, after Galen, the 2nd 
century Greek physician. For additional information con- 
cerning extraction and extractives, see RPS 1 5, Chapter 86. 

Extraction continues to be of considerable interest in order to obtain 
improved yields of drugs derived from plant and animal sources For 
example, improved extraction of digitalis glycosides has been carried out 
using a pulsating, perforated, bottom column. Other techniques include 
u traaomcs, roury-film evaporators, liquid and supercritical carbon diox- 
ldc, nydrodistillation, liquid chromatography, multiple-solvent extraction 
cuuntercurrent extraction and gravitation dynamics. 

This discussion is concerned primarily with basic extraction procedures 
lor crude dmgs to obtain the therapeutically desirable portion and elimi- 
nate the men material by treatment with a selective solvent, known as the 
mensiruum. Extraction differs from solution in that the presence of 
msol uble matter is implied in the former process. The principal methods 
of extraction are maceration, percolation, digestion, infusion and 
decoction. The quality of the finished product can be enhanced by stan- 
dardizing primary extracts and carrying out analytical assays during pro- 
ducuon on the raw materials, intermediate produces and manufacturing 
procedures. & 

The processes of particular importance, insofar as the USP 
is concerned, are those of maceration and percolation, as 
described specifically for Belladonna Extract USP and Cas- 
cara Sagrada Extract USP. Most pharmacopeias refer to 
such processes for extraction of active principles from crude 
drugs. The USP provides general directions for both macera- 
tion and percolation under the heading of Tinctures. 

Maceration— In this process the solid ingredients are placed in a 
stoppered container with 750 mL of the prescribed solvent and allowed to 
stand for a period of at least 3 days in a warm place with frequent agitation 
unu soluble matter is dissolved. The mixture is filtered and. after most of 
the hquid has drained, the residue on the filter is washed with sufficient 



combined to produce 1 000 mL. 

nf !hr^!°K"I Th ! gr0Und drug 18 mbted * 1lh appropriate quanlilv 
of the prescribed solvent to make it evenly and uniformly damp I is 
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the liquid ,s about to drip from the apparatus, the lower opening is c osed 
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official compendia have not included infusions for some tfmT ^n « 
ample is Concentrated Compound Gentian Infusion BP 1 Q73 
"f~^° n — ''"^^"•Popularprocess extracts water-solubleand heat- 
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Extractive Preparations 

n K^ er ^K° luti0n 0f the active constituents of a crude druc is 
obtained by maceration or percolation, it may be ready for use 
as a medicinal agent, as with certain tinctureswfluWextrac^ 
ontmay be processed further to produce a soUdTsSS 

For a discussion of resins and olewesins obtained bv sol- 
X££ Ctton ° f ^ CXUdat * S SCe Chapter 26^deXl 
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adjusted following assay. Most other tinctures of vegetable 
drugs represent the extractive from 20 g of the drug in 1 00 mL 
of tincture. 

The USP specifically describes two general processes for 
preparing tinctures, one by percolation designated as Process 
P, and the other by maceration, as Process M. These utilize 
the methods described under Extraction. 

Process P includes a modification so that tinctures that 
require assay for adjustment to specified potency thus may be 
tested before dil ution to final volume. A tincture prepared bv 
Process P as modified for assayed tinctures is Belladonna 
Tincture. 

Examples of tinctures prepared by Process M are Com- 

nco^w^ 0 ? Tincture usp and Sweet Orange Peel Tincture 
Ubh XXI (the latter contains the extractive from 50 c of sweet 
orange peel in 1 00 mL of tincture). 

defines fluidextracts as beinc 
Uqmd preparations of vegetable drugs, containing alcohol as a 
solvent or as a preservative, or both, so made that, in general 
each mL contains the therapeutic constituents of 1 a of the 
standard drug that it represents. While the USP states that 
pharmacopeial fluidextracts are made by percolation, the offi- 
cial compendia previously have described general procedures 
tor three percolation methods used in making fluidextracts. 

Process A is a percolation method that can be modified for fluidextracts 
that must be assayed. 

Process E is an alternative for Process A in which percolation is con- 
ducted on a column of drug much greater in length than in diameter. 

Process D is used for preparing fluidextracts with boiling water as the 
menstruum alcohol being added as a preservative to the concentrated 

Pr ° CedUre used for Pre^ring Cascara Sagrada Fluid- 

The BP and PC use the designation Liquid Extracts for 
fluidextracts. 

Extracts— Extracts are defined in the USP as concentrated 
preparations of vegetable or animal drugs obtained by re- 
moval of the active constituents of the respective drugs with 
suitable menstrua, evaporation of all or nearly all of the sol- 
vent and amusement of the residual masses or powders to the 
prescribed standards. ■ 

Three forms of extracts were recognized in USP XXI- 
semiliquids or liquids of syrupy consistency, plastic masses 
(kn own as pihrtar or solid extracts) and dry powders (known 
as powdered extracts'). Extracts, as concentrated forms of 
the drugs from which they are prepared, are used in a variety 
of solid or semisolid dosage forms. The USP states that 
piiular extracts and powdered extracts of any one drug are 
interchangeable medicinally, but each has its own pharmlceu- 
tical advantages. Piiular extracts, so-called because they are 
of a consistency to be used in pill masses and made into pills 
and are suited especially for use in ointments and 
suppositories. Powdered extracts are suited better for incor- 
E.° n T° a^°™lation, as in capsules, powders or 
tablets. Senuliqmd extracts, or extracts of a svrupy consis- 
tency, may be used in the manufacture of some pharmaceuti- 
cal preparations. 

Most extracts are prepared by extracting the drug bv 
percolation The percolate is concentrated, generally by dis- 

w w . Und Kf r K dUCed pressure ' ne use of he * ^ avoided 
*here possible because of potential injurious effect on active 
constituents. Powdered extracts which are made from drugs 
that contain inactive oily or fatty matter may have to be 
defatted or prepared from defatted drug. For diluents that 

the USPXXI *" eXtraCt t0 prescribed standards, see 

Pure Glycyrrhiza Extract USP XXI is an example of a oUular 

ar?™ e 1 Uad0 - nna E f rac J USP Hyoscyamus Extract PC 
are examples of powdered extracts (the former is prepared 
also as a piiular extract and the latter as a liquid extract) 
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The distinctive characteristics of parenteral (Gk, para en- 
teron, beside the intestine) dosage forms of drugs will be 
discussed in this chapter. These dosage forms differ from all 
other drug dosage forms because of the unique requirements 
imposed because they are injected directly into body tissue 
through the primary protective system of the human body, the 
skin and mucous membranes. Therefore, they must be excep- 
tionally pure and free from physical, chemical and biological 
contaminants. These requirements place a heavy responsi- 
bility on the pharmaceutical industry to practice good manu- 
facturing practices (GMPs) in the manufacture of parenteral dos- 
age forms and upon pharmacists to practice good aseptic practices 
(G APs) in dispensing them for administration to patients. 

Many of the newer drugs, particularly these derived from 
the new developments in biotechnology, can only be given 
parenterally because they are inactivated in the gastrointesti- 
nal tract, when given by mouth. Further, the potency and 
specificity of many of these drugs requires strict control of 
their administration to the patient. A parenteral route of 
administration meets both of these critical requirements. 

This chapter will begin with a brief review of the historical 
events contributing to the development of this distinctive 
dosage form Consideration will then be given to some of the 
distinguishing characteristics of these dosage forms and how 
they are aoMnistered to patients. The majority of the remain- 
der of the chapter will discuss the various factors required for 
the preparation of a pure, safe and effective parenteral product. 

History 1 

One of the most significant events in the beginnings of 
parenteral therapy was the first recorded injection of drugs 
into the veins of living animals, in about 1 65 7, by the architect 
Sir Christopher Wren. From such a very crude beginning, 
the technique for intravenous injection and knowledge of the 
implications therefore developed slowly during the next cen- 
tury and a half. In 1855 Dr Alexander Wood of Edinburgh 
described what was probably the first subcutaneous injection 
of drugs for therapeutic purposes using a true hypodermic 
syringe. 

The latter half of the 19th century brought increasing con- 
cern for safety in the administration of parenteral solutions 
largely because of the work of Robert Koch and Luis Pasteur. 
While Charles Chamberland was developing both hot-air and 
steam sterilization techniques and the first bacteria-retaining 
filter (made of unglazed porcelain), Stanislaus Limousin was 
developing a suitable container, the all-glass ampul. In the 
middle 1920s Dr Florence Seibert provided proof that the 
disturbing chills and fever which often followed the intrave- 
nous injection of drugs was caused by potent products of 
microbial growth, pyrogens, which could be eliminated from 
water by distillation and from glassware by heating at elevated 
.temperatures. 

Of the technical developments that have contributed to the 
high quality standards currently achievable in the preparation 
of parenteral dosage forms, the two that have probably contrib- 



uted most are the development of HEPA-filtered laminar air- 
flow and the development of membrane microfiltration for 
solutions. The former made it possible to achieve ultraclean 
environmental conditions for processing from solutions by 
filtration both viable and nonviable particles of microbial size 
and smaller. However, many other developments in recent 
years have produced an impressive advance in the technology 
associated with the safe and reliable preparation of parenteral 
dosage forms. The following Ust identifies a few of the events 
which have contributed to that development. 

1926 — Parenterals were accepted for inclusion in the fifth edition of the 
National. Formulary. 

1933— The practical application of freeze- drying to clinical materials 
was accomplished by a team of scientists at the University of Pe nnsylvania. 

1938 — The Food, Drug and Cosmetic Act was passed by Congress, 
establishing the Food and Drug Administration CFDA). 

1944 — The sterilant ethylene oxide was discovered. 

1946 — The Parenteral Drug Association was organized. 

1961 — The concept of laminar airflow was developed by WJ Whitfield. 

1962— The FDA was authorized by Congress to establish current good 
manufacturing practice (CGMP or GMP) regulations. 

1965— Total parenteral nutrition (TPN) was developed by SJ Dudrick. 

1972— The Limulus Ameboc.vte Lysate test for pvrugens in parenteral 
products was devetoped by JF Cooper. 

1974 — The concept of validation of processes used in the manufacture 
of parenteral products was introduced by the FDA. 

1 9 7 7— The principles for cl ean-in-place (CIP) and steam-in-place (SIP} 
were introduced. 

Early 1980s— Home Health Care emerged as an alternative for patients 
whose health status permitted release from a hospital to care in the home 
environment. 

1982— Insulin, derived through the new discipline of biotechnology 
ushered m the drug class of polypeptides with their inherent stabilitt- 
challenges for parenteral dosage-form development. 

1987— Parametric release was accepted by the FDA for selected prod- 
ucts terminally sterilized by a validated heat process. 

The FDA published Guideline on Sterile Pivducte Produced by 
Aseptic Processing, one of several nonregulatory publications to help 
industry know what the FDA considers to be acceptable. 

Late 1980s— The development of computer capabilities has led to the 
automation of many process operations and to a revolution in documenta- 
tion and recordkeeping. 

1991— The FDA proposed requiring manufacturers to use a terminal 
stenlization process when preparing a sterile drug product unless such a 
process adversely affects the drug product. 

Administration 

Injections may be classified in six general categories: 

1 . Solutions ready for injection. 

2. Dry, soluble products ready to be combined with a solvent just prior 
to use. 

3. Suspensions ready for injection. 

4. Dry, insoluble products ready to be combined with a vehicle just 
prior to use. 

5. Emulsions. 

6. Liquid concentrates ready for dilution prior to administration. 

These injections may be administered by such routes as 
intravenous, subcutaneous, intradermal, intramuscular, intra- 
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articular and intrathecal. The nature of the product will de- 
termine the particular route of administration that may be 
employed. Conversely, the desired route of administration 
will place requirements on the formulation. For example, 
suspensions would not be administered directly into the blood 
stream. because of the danger of insoluble particles blocking 
capillaries. Solutions to be administered subcutaneously re- 
quire strict attention to tonicity adjustment, otherwise irrita- 
tion of the plentiful supply of nerve endings in this anatomical 
area would give rise to pronounced pain. Injections intended 
for intraocular, intraspinal, intracisternal and intrathecal ad- 
ministration require the highest purity standards because of 
the sensitivity of tissues encountered to irritant and toxic 
substances. 

When compared with other dosage forms, injections pos- 
sess select advantages. If immediate physiological action is 
needed from a drug, it usually can be provided by the intrave- 
nous injection of an aqueous solution. Modification of the 
formulation or another route of injection can be used to slow 
the onset and prolong the action of the drug. The therapeu- 
tic response of a drug is controlled more readily by parenteral 
administration since the irregularities of intestinal absorption 
are circumvented. Also, since the drug normally is adminis- 
tered by a professionally trained person, it confidently may be 
expected that the dose was actually and accurately 
administered. Drugs can be administered parenterally when 
they cannot be given orally because of the unconscious or 
uncooperative state of the patient, or because of inactivation 
or lack of absorption in the intestinal tract. Among the disad- 
vantages of this dosage form are the requirement of asepsis at 
administration, the risk of tissue toxicity from local irritation, 
the real or psychological pain factor' and the difficulty in 
correcting an error, should one be made. In the latter situa- 
tion, unless a direct pharmacological antagonist is immedi- 
ately available, correction of an error may be impossible. 
One other disadvantage is that daily or frequent administra- 
tion poses difficulties, either for the patient to visit a profession- 
ally trained person or to learn to inject oneself. However, the 
advent of home health care as an alternative to extended 
institutional care has mandated the development of programs 
for training lay persons to administer these dosage forms. • 

Parenteral Combinations 

During the administration of large-volume parenterals 
(LVPs), such as 1000-mL of 0.9% sodium chloride solution, it 
is common practice for a physician to order the addition of a 
small-volume therapeutic parenteral (SVP), such as an antibi- 
otic, to avoid the discomfort for the patient of a separate 
injection. While the pharmacist is the most qualified health 
professional to be responsible to prepare such combinations, 
as is clearly stated in the Hospital Accreditation Manual of the 
Joint Commission on Accreditation of Healthcare Organiza- 
tions, 2 interactions among the combined products can be 
troublesome even for the pharmacist. In fact, incompatibili- 
ties can occur and cause inactivation of one or more ingredi- 
ents or other undesired reactions. In some instances incom- 
patibilities are visible as precipitation or color change, but in 
other instances there may be no visible effect. 

The many potential combinations present a complex situa- 
tion even for the pharmacist. To aid in making decisions 
concerning potential problems, a valuable compilation of rel- 
evant data has been assembled by Trissel, 3 and is regularly 
updated. Further, the advent of computerized data storage 
and retrieval systems has provided a means to organize and 
gain rapid access to such information. Further information 
on this subject may be found in Chapter 88. 

As studies have been undertaken and more information has 
been gained, it has been shown that knowledge of variable 
factors such as pH and the ionic character of the active con- 
stituents aids substantially in understanding and predicting 
potential incompatibilities. Kinetic studies of reaction rates 
may be used to describe or predict the extent of degradation. 
Ultimately, a thorough study should be undertaken of each 



therapeutic agent in combination with other drugs and IV 
fluids, not only of generic but of commercial preparations, 
from the physical, chemical and therapeutic aspects. 

Ideally, no parenteral combination should be administered 
unless it has been studied thoroughly to determine its effect on 
the therapeutic value and the safety of the combination. 
However, such an ideal situation may not exist. Nevertheless, it. 
is the responsibility of the pharmacist to be as familiar as 
possible with the physical, chemical and therapeutic aspects 
of parenteral combinations and to exercise the best possible 
judgment as to whether or not the specific combination extem- 
poraneously prescribed is suitable for use in a patient. 

General Considerations 

An inherent requirement for parenteral preparations is that 
they be of the very best quality and provide the maximum 
safety for the patient. Therefore, whether they are prepared 
from commercially available sterile components, as is usually 
the case in hospital pharmacies and similar sites, or from 
nonsterile ingredients in a manufacturing mode, as is the case 
in the pharmaceutical industry, the persons responsible for 
their preparation must apply their skills intelligently and 
diligently. Further, the possession and application of high 
moral and professional ethics on the part of the persons 
responsible is the ingredient most vital to achieving the de- 
sired quality in the products prepared. 

The preparation of parenteral products from sterile compo- 
nents in pharmacies of hospitals and similar sites is discussed 
further in Chapter 88. In this chapter emphasis will be placed 
on the preparation of parenteral products from non-sterile 
components in the highly technologically advanced plants of 
the pharmaceutical industry, using GMP principles. In the 
pursuit of GMP, consideration should be given to: 

J. Ensure the personnel responsible for assigned duties are. capable 
and qualified lo perform ihem. 

2. Ensure that ingredients used in compounding (.he product have the 
required identity, quality and purity. 

3. Validate criUcal processes to be sure that the equip mem used and 
the processes followed will ensure that the finished product will have the 
qualities expected. 

4. Maintain a production environment suitable for performing the 
critical processes required, addressing such matters as orderliness, clean- 
liness and asepsis. 

5. Confirm through adequate quality-control procedures thai the fin- 
ished product* have the required potency, purity and quality. 

6. Establish through appropriate stability evaluation that the drug 
products will retain their intended potency, purity and quality until the 
established expiraUon dale. 

7. Ensure that processes are always carried out in accord with estab- 
lished, written procedures. 

- 8. Provide adequate conditions and procedures for the prevention of 
mixups. 

9. Establish adequate procedures, with supponingdocumentation, for 
investigating and correcting failures or problems in production or quality 
control. 

1 0. Provide adequate separation of quality-control responsibilities from 
those of production to assure indeiwmdent decision making. 

The pursuit of GMP is an ongoing effort which must flex with 
new technological developments and new understanding of 
existing principles. Because of the extreme importance of 
quality in health care of the public, the US Congress has given 
the responsiblity of regulatory scrutiny over the manufacture 
and distribution of drug products to the FDA. Therefore, the 
operations of the pharmaceutical industry are subject to the 
oversite of the FDA and, with respect to manufacturing prac- 
tices, to the application of the CGMPs.'' These regulations 
are discussed more fully in Chapter 1 1 0. 

In concert with the pursuit of GMPs, the pharmaceutical 
industry has shown initiative and innovation in the extensive 
technological development and improvement in quality safety 
and effectiveness of parenteral dosage forms in recent years. 
Further , outstanding innovative development in drug-delivery 
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systems is occurring. These factors have been additive in 
providing the public with outstanding parenteral dosage forms 
of drugs at this time in history. 

General Manufacturing Process 

The preparation of a parenteral product may be considered 
to encompass four general areas as follows: 

1 . Procurement and selection o the components and containers. 

2 . Production facilities and procedures. 

3. Control of quality. 

4 . Packaging and labeling. 

These components of the product to be procured include 
vehicles, solutes, containers and closures. The steps consti- 



tuting production include maintaining facilities and equip- 
ment, preparing and controlling the environment, cleaning 
the containers and equipment, preparing the product, filtering 
the solution, filling containers with the product, sealing the 
containers and sterilizing the product. The control of quality 
includes the evaluation of the components, qualification of 
equipment, validation of processes, determination that the 
production has been executed within prescribed require- 
ments and performance of necessary evaluative tests on the 
finished product. The final area of packaging and labeling 
includes all steps necessary to identify the finished product 
and enclose it in such manner that it is safely and properly 
prepared for sale and delivery to the user. The remainder of 
this chapter will be organized in accord with these four gen- 
eral areas, with emphasis on the first two areas. 



Components and Containers 



Establishing specifications to ensure the quality of each of 
the components of an injection is essential. These specifi ca- 
tions will be coordinated with the requirements of the specific 
formulation and will not necessarily be identical for a particu- 
lar component if used in several different formulations. For 
example, particle-size control may be necessary for powders 
used in formulating a suspension but be relatively unimpor- 
tant for preparing a solution. 

The most stringent chemical-purity requirements normally 
will be encountered with aqueous solutions, particularly if the 
product is to be sterilized at an elevated temperature where 
reaction rates will be accelerated greatly. Modification of 
aqueous vehicles to include a glycol, for example, usually will 
reduce reaction rates. Dry preparations pose relatively few 
reaction problems but may require definitive physical specifi- 
cations for ingredients that must have certain solution or 
dispersion characteristics when a vehicle is added. 

Containers and closures are in prolonged, intimate contact 
with the product and may release substances into or remove 
ingredients from the product. Assessment and selection of 
containers and closures is a necessary part of product formu- 
lation to ensure that the product retains its purity, potency and 
quality during the intimate contact with the container through- 
out its shelf-life. Administration devices that come in con- 
tact with the product should be assessed and selected with the 
same care as are containers and closures, even though the 
contact period is usually brief. 

Vehicles 

Since most liquid injections are quite dilute, the component 
present in the highest proportion is the vehicle. A vehicle 
normally has no therapeutic activity and is nontoxic. ' 
However, it is of great importance in the formulation since it 
presents to body tissues the form of the active constituent for 
absorption. Absorption normally occurs most rapidly and 
completely when a drug is presented as an aqueous solution. 
Modification of the vehicle with water-miscible liquids or sub- 
stitution with water-immiscible liquids normally decreases the 
rate of absorption. Absorption from a suspension may be 
affected by such factors as the viscosity of the vehicle, its 
capacity for wetting the solid particles, the solubility equilib- 
rium produced by the vehicle and the distribution coefficient 
between the vehicle and aqueous body systems. 

The vehicle of greatest importance for parenteral products 
is water. Water of suitable quality for compounding and 
rinsing product contact surfaces may be prepared either by 
distillation or by reverse osmosis, to meet USP specifications 
for Water for Injection (WFI). Only by these two methods is 
it possible to separate adequately various liquid, gas and solid 
contaminating substances from water. These two methods 
for preparation of WFI will be discussed in this Chapter. It 



should be noted that there is no unit operation more important 
and none more costly to install and operate than the one for 
the preparation of WFI. 



Preparation of Water for Injection (WFI) 

The source water can be expected to be contaminated with 
natural suspended mineral and organic substances, dissolved 
mineral salts, colloidal silicates and industrial chemicals. 
The degree of contamination will vary with the source and will 
be markedly different whether obtained from a well or from 
surface sources, such as a stream or lake. Therefore, this 
water normally is not of sufficient purity to prepare WFI 
directly. Hence, the source water usually must be pretreated 
by one or a combination of the following treatments: chemical 
softening, filtration, deionization, carbon adsorption or re- 
verse osmosis purification. Space does not permit discus- 
sion of these processes here, but the interested reader is 
referred elsewhere fortius inform ation. 5 - 0 

In general, a conventional still consists of a boiler (evapora- 
tor) containing feed water (distilland); a source of heat to 
vaporize the water in the evaporator; a headspace above the 
level of distilland with condensing surfaces for refluxing the 
vapor, thereby returning nonvolatile impurities to the distil- 
land, a means for eliminating volatile impurities before the hot 
water vapor is condensed; and a condenser for removing the 
heat of vaporization, thereby converting the water vapor to a 
liquid distillate. 

The specific construction features of a still an<£the process 
specifications markedly will affect the quality of distillate ob- 
tained from a still. Those required for producing high-purity 
water, such as WFI, must be considerably more stringent than 
those required for Purified Water USP. Among the factors 
that must be considered are: 

1 . The quality of the feed water will affect the quality of the distiUate. 
Controlling the quality of the feed water is essential for meeting the 
required specifications for the distillate. 

2. The size of Lhe evaporator will affect the efficiency. It should be 
large enough to provide a low vapor velocity, thus reducing the entrain- 
ment of the distilland either as a film on vapor bubbles or as separate 
droplets. 

3. The baffles (condensing surfaces) determine the effectiveness of 
refluxing. They should be designed to remove efficiently the entrainment 
at optimal vapor velocity, collecting and returning the heavier droplets 
contaminated with the distilland. 

4. Redissolving volatile impurities in the distillate reduces its puritv. 
Therefore, they should be separated efficiently from the hot water vapor 
and eliminated by aspirating them to the drain or venting them to the 
atmosphere. 

5. Contamination of the vapor and distillate from the metal pans of the 
stUl can occur. Present standards for high-puritv stills are thai all parts 
contacted by the vapor or distillate should be constructed of metal coat ed 
with pure tin. 304 or31 6 stainless steel or chemically resistant glass. 
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The design features of a still also influence its efficiency of 
operation, relative freedom from maintenance problems or 
extent of automatic operation. Stills may be constructed of 
varying size, rated according to the volume of distillate that 
can be produced per hour of operation under optimum 
conditions. Only stills designed to produce high-purity wa- 
ter may be considered for use in the production of WFI. 

Conventional commercial stills designed for the production 
of high-purity water, such as shown in Fig 1 , are available from 
several suppliers (AMSCO, Bamstead, Corning, Vaponics). 

Compression Distillation — The vapor-compression still, 
primarily designed for the production of large volumes of 
high -purity distillate with low consumption of energy and 
water is illustrated diagramrnatically in Fig 2. To start, the 
feed water is heated in the evaporator to boiling. The vapor 
produced in the tubes is separated from the entrained distii- 
land in the separator and conveyed to a compressor which 
compresses the vapor and raises its temperature to approxi- 
mately 107°. It then flows to the steam chest where it con- 
denses on the outer surfaces of the tubes containing the 
distilland; thereby the vapor is condensed and drawn off as a 
distillate while giving up its heat to bring the distilland in the 
tubes to the boiling point. 

Vapor-compression stills are available in capacities from 50 
to 2800 gal/hr (Agua-Chem, Barnstead, Meed). 

Multiple-Effect Stills— The multiple-effect still also is 
designed to conserve energy and water usage. In principle, it 
is simply a series of single-effect stills running at differing 
pressures. A series of up to seven effects may be used, with 
the first effect operated at the highest pressure and the last 
effect at atmospheric pressure. See a schematic drawing of a 
multiple-effect still in Fig. 3. Steam from an external source 
is used in the first effect to generate steam under pressure 
from feed water; it is used as the power source to drive the 
second effect. The steam used to drive the second effect 
condenses as it gives up its heat of vaporization and forms a 
distillate. This process continues until the last effect when 




Fig 1. High-purity stilled and sealed water-storage system. A; 
evaporator; B: high-purity baffle unit; C; condenser; D: storage 
tank with ultraviolet lamp; £: control panel (courtesy, Ciba-Geigy). 
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Fig 2. Vapor-compression still. 



the steam is at atmospheric pressure and must be condensed 
in a heat exchanger. 

The capacity of a multiple-effect still can be increased by 
adding effects. The quantity of the distillate also will be 
affected by the inlet steam pressure; thus, a 600-gal/hr unit 
designed to operate at 1 1 5 psig steam pressure could be run at 
approximately 55 psig and would deliver about 400 gal/hr. 
These stills have no moving parts and operate quietly. They 
are available in capacities from about 50 to 7000 gal/hr 
(AMSCO, Barnstead, Finn-Aqua, Vaponics). 

Reverse Osmosis (RO) — As the name suggests, the natu- 
ral process of selective permeation of molecules through a 
semipermeable membrane separating two aqueous solutions 
of different concentrations is reversed. Pressure, usually be- 
tween 200 and 400 psig, is applied to overcome osmotic 
pressure and force pure water to premeate through the 
membrane. Membranes, usually composed of cellulose es- 
ters or polyamides, are selected to provide an efficient rejec- 
tion of contaminant molecules in raw water. The molecules 
most difficult to remove are small inorganic ones such as 
sodium chloride. Passage through two membranes in series 
is sometimes used to increase the efficiency of removal of 
these small molecules and to decrease the risk of structural 
failure of a membrane to remove other contaminants, such as 
bacteria and pyrogens. For additional information,' see i?e- 
verse Osmosis in Chapter 37 and Water in Chapters 80 and 
86. 

Reverse osmosis systems are available in a range of produc- 
tion sizes. (AMSCO, Aqwa-Chem, Finn-Aqua, Meco, Milli- 
pore, etc). 
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Fig 3. Multiple-effect still, (courtesy, Dekker); taken from Avis KE, 
Lieberman HA. Lachman L; Pharmaceutical Dosage Forms: 
Parenteral Medications, vol 2, 2nd ed, Dekker, New York, 1 993. 
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Whichever system is used for the preparation ofWFI, valida- 
tion is required to be sure that the system consistently and 
reliably will produce the chemical, physical and microbiologi- 
cal quality of water required. Such validation should start 
with the determined characteristics of the source water and 
include the pretreatment, production, storage and distribu- 
tion systems. All of these systems together determine the 
ultimate quality of the WFL Because of space limitations 
here, more details concerning the design, operation and vali- 
dation of these highly important systems may be found in 
other literature sources. 5 - 6 

Storage and Distribution — The rate of production of 
WFI usually is not sufficient to meet processing demands; 
therefore, it is collected in a holding tank for subsequent use! 
In large operations the holding tanks may have a capacity of 
several thousand gallons and be a part of a continuously 
operating system. In such instances the USP requires that 
the WFI be held at a temperature too high for microbial growth 
to occur. Normally, this temperature is a constant 80°. 

The USP also permits the WFI to be stored at room tempera- 
ture, but for a maximum of 24 hours. Under such conditions 
the WFI usually is collected as a batch for a particular use with 
any unused water being discarded within 24 hours. Such a 
system requires frequent sanitization to rninimize the risk of 
viable microorganisms being present. The stainless-steel 
storage tanks in such systems usually are connected to a 
welded stainless-steel distribution loop supplying the various 
use sites with a continuously circulating water supply. The 
tank is provided with a hydrophobic membrane vent filter 
capable of excluding bacteria and nonviable particulate matter. 
Such a vent filter is necessary to permit changes in pressure 
during filling and emptying. The construction material for 
the tank and connecting lines is usually electro polished 3 1 6L 
stainless steel with welded pipe. The tanks also may be lined 
with glass or a coating of pure tin. Such systems are very 
carefully designed and constructed and often constitute the 
most costly installation within the plant. 

When the water cannot be used at 80°, heat exchangers 
must be installed to reduce the temperature at the point of use. 
Bacterial retentive filters should not be installed in such sys- 
tems because of the risk of bacterial buildup on the filters and 
the consequential release of pyrogenic substances. 

Purity— The USP monographs provide standards of puritv 
for WFI and Sterile Water for Injection (SWFI). A few of 
these standards require comment. 

SWFI must meet the requirements of the USP Sterility Test, 
but WFI need not since it is to be used in a product which will 
be sterilized. Both must contain not more than 0.25 Endo- 
toxin units per mL. 

The limits for total solids varies in the two monographs. 
The larger the surface area of the glass container per unit 
volume of water, the greater the amount of glass constituents 
that may be leached into the water, particularly during the 
elevated temperature of steam sterilization. Therefore, the 
latter treatment will affect the total solids content of SWFI. 

The WFL monograph stipulates a maximum of 10 ppm of 
total solids but SWFI may contain 20 to 40 ppm. This is 
generally considered to be much too high to assure a quality of 
water that permits the stable formulation of manv drugs. A 
relatively few metallic ions present often can render a formula- 
tion unstable. Therefore, it is common practice to set a limit 
of 0.1 ppm or less of ionic contaminants expressed as sodium 
chloride. 

Ionic contaminant level is not the same as total solids; the 
former is a measure of only the ionic content, whUe the latter is 
a measure of the undissociated constituents as well. The 
ionic content of water can be measured very easily by means 
of a conductivity meter which frequently is used as an indica- 
tor of the purity. The results are expressed in one of three 
terms: as sodium chloride ions, as resistance in ohms or 
megohms or as conductance in micromhos (or microSiemens). 
Ohms and mhos have a reciprocal relationship to each other 
but they are related to ppm sodium chloride by an experimen- 
tally determined curve. The USP is considering introducing 



a conductivity requirement. To give one point of compari- 
son, 0.1 ppm sodium chloride is equal to approximately 1.01 
megohms and 0.99 micromhos. It should be mentioned that 
conductivity measurements give no direct indication of pyro- 
gen content since pyrogens are undissociated organic com- 
pounds. 

WFI and SWFI may not contain added substances. Bacte- 
riostatic Water for Injection (BWFI) may contain one or more 
suitable antimicrobial agents in containers of 30 mL or less, 
This restriction is designed to prevent the administration of a 
large quantity of a bacteriostatic agent that probably would be 
toxic in the accumulated amount of a large volume of solution, 
even though the concentration was low. 

The USP also provides monographs giving the specifica- 
tions for Sterile Water for Inhalation and Sterile Water for 
Irrigation. The USP should be consulted for the minor differ- 
ences between these specifications and those for SWFI. 



Types of Vehicles 

Aqueous Vehicles — Certain aqueous vehicles are recog- 
nized officially because of their valid use in parenterals. Often 
they are used as isotonic vehicles to which a drug may be 
added at the time of administration. The additional osmotic 
effect of the drug may not be enough to produce any discom- 
fort when administered. These vehicles include Sodium Chlo- 
ride Injection, Ringers Injection, Dextrose Injection, Dex- 
trose and Sodium Chloride Injection and Lactated Ringer's 
Injection. 

Water-Miscible Vehicles — A number of solvents that are 
miscible with water have been used as a portion of the vehicle 
in the formulation of parenterals. These solvents are used 
primarily to affect the solubility of certain drugs and to reduce 
hydrolysis. The most important solvents in this group are 
ethyl alcohol, polyethylene glycol and propylene glvcol. 
Ethyl alcohol is used particularly in the preparation of solu- 
tions of cardiac glycosides and the glycols in solutions of 
barbiturates, certain alkaloids and certain antibiotics. Such 
preparations usually are given intramuscularly . 

These solvents, as well as nonaqueous vehicles, have been 
reviewed by Spiegel and Noseworthy. 7 

Nonaqueous Vehicles — The most important group of non- 
aqueous vehicles arc the fixed oils. The USP provides speci- 
fications for such vehicles, indicating that the fixed oils must 
be of vegetable origin so that they will be metabolized, will be 
liquid at room temperature and will not become rancid readily. 
The USP also specifies limits for the degree of unsaturatiori 
and free fatty acid content. The 'oils most commonly used 
are corn oil, cottonseed oil, peanut oil and sesame oil. Fixed 
oils are used particularly as vehicles for certain hormone 
preparations. The label must state the name of the vehicle so 
that the user may beware in case of known sensitivity or other 
reactions to it. 



Solutes 

Bulk pharmaceutical chemicals should be prepared under 
conditions designed to preclude the introduction of chemical, 
physical and microbiological contamination. To the extent 
possible, the system of manufacture should be a closed sys- 
tem, particularly if the chemical is to be used in a parenteral 
formulation. Further, the contact surfaces of all process 
equipment should be inert to the chemicals being processed. 
Where the chemicals are to be used in relatively small amounts, 
marketed commercial grades may be the only forms available. 
In such instances, the best chemical grade obtainable should 
be used. It should be obvious that if a few ppm of ionic 
contaminants in WTI may cause stability problems, a similar 
level of contamination in the solute itself may, likewise, cause 
stability problems. Metallic catalysis of chemical reactions 
is one which is encountered frequently. 

Other factors to be considered with respect to the qualitv of 
solutes include the level of microbial and pyrogenic contami- 
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nation, solubility characteristics as determined by the chemi- 
cal or physical form of the compound and freedom from gross 
dirt. 

Added Substances — The USP includes in this, category all 
substances added to a preparation to improve or safeguard its 
quality. An added substance may: 

Effect solubility, as does sodium benzoate in Caffeine and Sodium Ben- 
zoaie Injection. 

Provide patient comfort, as do substances added to make a solution 
isotonic. 

Enhance the chemical stability of a solution, as do antioxidants, inert 
gases, chelating agents and buffers. 

Protect a preparation against the growth of microorganisms. The term 
"preservative" sometimes is applied only to those substances which pre- 
vent the growth of microoganisms in a preparation. However, such lim- 
ited use is inappropriate, being better used for all substances that act to 
retard or prevent the chemical, physical or biological degradation of a 
preparation. 

While added substances may prevent a certain reaction 
from taking place, they may induce others. Not only may 
visible incompatibilities occur, but hydrolysis, complexation, 
oxidation and invisible reactions may decompose or other- 
wise inactivate the therapeutic agent or other added 
substances. Therefore, added substances must be selected 
with due consideration and investigation of their effect on the 
total formulation. 

Antimicrobial Agents — The USP states that antimicro- 
bial agents In bacteriostatic or fungistatic concentrations must 
be added to preparations contained in multiple-dose 
containers. They must be present in adequate concentration 
at the time of use to prevent the multiplication of microorgan- 
isms inadvertently introduced into the preparation while with- 
drawing a portion of the contents with a hypodermic needle 
and syringe. The USP provides a test for Antimicrobial 
Preservative Effectiveness to determine that an antimicro- 
bial substance or combination adequately inhibits the growth 
of microorganisms in a parenteral product. Because antimi- 
crobials may have inherent toxicity for the patient, the USP 
prescribes concentration limits for those that arc used com- 
monly in parenteral products, as follows: 

Phenylmercuric nitrate and thimerosal 0.01%. 
Benzethonium chloride and benzalkonium chloride 0.01 %. 
Phenol or cresol 0.5%. 
Chlorobutanol 0.5%. 

The above limit is rarely used for phenylmercuric nitrate, 
most frequently being employed in a concentration of 0.002%! 
Methyl p-hydroxybenzoate 0.18% and propyl p-hydroxyben- 
zoate 0.02% in combination, and benzyl alcohol 2% also are 
used frequently. In oleaginous preparations, no antibacte- 
rial agent commonly employed appears to be effective. How- 
ever, it has been reported that hexylresorcinol 0.5% and phen- 
ylmercuric benzoate 0.1% are moderately bactericidal. A 
few therapeutic compounds have been shown to have antibac- 
terial activity, thus obviating the need for added agents. 

Antimicrobial agents must be studied with respect to com- 
patibility with all other components of the formula. In addi- 
tion, their activity must be evaluated in the total formula. It 
is not uncommon to find that a particular agent will be effec- 
tive in one formulation but ineffective in another. This may 
be due to the effect of various components of the formula on 
the biological activity or availability of the compound; for 
example, the binding and inactivation of esters of ^-hydroxy- 
benzoic acid by macromolecules such as Polysorbate 80 or 
the reduction of phenylmercuric nitrate by sulfide residues in 
rubber closures. A physical reaction encountered is that 
bacteriostatic agents sometimes are removed from solution 
by rubber closures. 

Single-dose containers and pharmacy bulk packs which do 
not contain antimicrobial agents are expected to be used 
promptly after opening or to be discarded. Large-volume 
single-dose containers may not contain an added antimicro- 
bial preservative. Therefore, special care must he exercised 
in storing such products after the containers have been opened 



to prepare an admixture, particularly those that can support 
the growth of microorganisms, such as total parenteral nutri- 
tion (TPN) solutions. It should be noted that while refrigera- 
tion slows the growth of most microorganisms, it does not 
prevent their growth. 

Buffers are used primarily to stabilize a solution against the 
chemical degradation that might occur if the pH changes 
appreciably. Buffer systems employed should normally have 
as low a buffer capacity as feasible in order not to disturb 
significantly the body buffer systems when injected. In addi- 
tion, the buffer range and effect on the activity of the product 
must be evaluated carefully. The acid salts most frequently 
employed as buffers are citrates, acetates and phosphates. 

Antioxidants are required frequently to preserve products 
because of the ease with which many drugs are oxidized. Sodium 
bisulfite 0. 1 % is used most frequently. The use of sulfites has 
been renewed by Schroeter. 8 Acetone sodium bisulfite, so- 
dium formaldehyde sulfoxylate and thiourea also are used 
sometimes. The sodium salt of ethylenediaminetetraacetic 
acid has been found to enhance the activity of antioxidants in 
some cases . apparently by chelating metallic ions that would 
otherwise catalyze the oxidation reaction. 

Displacing the air (oxygen) in and above the solution by 
purging with an inert gas. such as nitrogen, also can be used as 
a means to control oxidation of a sensitive drug. Process 
control is required to be assured that every container is deaer- 
ated adequately and uniformly. 

Tonicity Agents are used in many parenteral and ophthal- 
mic products to control the tonicity. However, not all prepa- 
rations need to be isotonic. The agents most commonly used 
are electrolytes and mono- or disaccharides. This subject is 
considered much more extensively in Chapter 36. 

Pyrogens (Endotoxins) 

Pyrogens are products of metabolism of microorganisms. 
The most potent pyrogenic substances (endotoxins) are con- 
stituents of the cell wall of Gram-negative bacteria. Gram- 
positive bacteria and fungi also produce pyrogens but of lower 
potency and of different chemical nature. Endotoxins are 
high-molecular-weight (about 20,000 daltons) lipopolysac- 
charides. Studies have shown that the lipid portion of the 
molecule is responsible for the biological activity. Since en- 
dotoxins are the most potent pyrogens and . Gram-negative 
bacteria are ubiquitous in the environment, this discussion 
will focus on endotoxins and the risk of their presence as 
contaminants in sterile products. 

Pyrogens, when present in parenteral drug products and 
injected into patients, can cause fever, chills, pain in the back 
and legs, and malaise. While pyrogenic reactions are rarely 
fatal, they can cause serious discomfort and, in the seriously ill 
patient, shock-like symptoms that can be fatal. The intensity 
of the pyrogenic response and its degree of hazard will be 
affected by the medical condition of the patient, the potency of 
the pyrogen, the amount of the pyrogen and the route of 
administration (intrathecal is most hazardous followed by 
intravenous, intramuscular and subcutaneous). When bacte- 
rial (exogenous) pyrogens are introduced into the body, leuco- 
cytic phagocytosis is believed to occur and endogenous pyro- 
gen is produced. The endogenous pyrogen then produces 
the familiar physiological effects. Space will not permit fur- 
ther elaboration of these matters here, but the reader is re- 
ferred to the work by Pearson 9 if more information is needed. 

Control of Pyrogens — Pyrogens are conUrninants if pre- 
sent in parenteral drug products, and should not be there. In 
general, it is impractical, if not impossible, to remove pyro- 
gens once present without adversely affecting the drug 
product. Therefore, the emphasis should be on the preven- 
tion of the introduction or development of pyrogens in all 
aspects of the compounding and processing of the product. 

Pyrogens may enter a preparation through any means that 
will introduce living or dead microorganisms. However, cur- 
rent technology generally permits the control of such contami- 
nation, and the presence of pyrogens in a finished product is 
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indicative of processing under inadequately controlled clean 
conditions. It also should be noted that time for microbial 
growth to occur increases the risk for elevated levels of 
pyrogens. Therefore, compounding and manufacturing pro- 
cesses should be carried out as expeditiously as possible, 
preferably planning completion of the process, including ster- 
ilization, within one work day. 

Pyrogens can be destroyed by heating at high temperatures. 
The recommended procedure for depyrogenation of glass- 
ware and equipment is heating at a temperature of 250° for 45 
minutes. It has been reported that 650° for 1 minute or 1 80* 
for 4 hours likewise will destroy pyrogens. The usual auto- 
claving cycle will not do so. Heating with strong alkali or 
oxidizing solutions will destroy pyrogens. It has been claimed 
that thorough washing with detergent will render glassware 
pyrogen-free if subsequently rinsed thoroughly with pyrogen- 
free water. Plastic containers and devices must be protected 
from pyrogenic contamination during manufacture and stor- 
age since known ways to destroy pyrogens will affect the 
plastic adversely. It has been reported that anion-exchange 
resins and positively charged membrane filters will remove 
pyrogens from water. Also, reverse osmosis will eliminate 
them. However, the most reliable method for their elimina- 
tion from water is distillation. 

A method that has been used for the removal of pyrogens 
from solutions is adsorption on adsorptive agents. However, 
since the adsorption phenomenon also may cause selective 
removal of chemical substances from the solution, this method 
has limited application. Other in-process methods for their 
destruction or elimination include selective extraction proce- 
dures and careful heating with dilute alkali, dilute acid or mild 
oxidizing agents. In each instance, the method must be stud- 
ied thoroughly to be sure it will not have an adverse effect on 
the constituents of the product. Developments in ultrafiltra- 
tion now make possible pyrogen separation on a molecular 
weight basis and the process of tangential flow is making 
large-scale processing a reality. 

Sources of Pyrogens — Through understanding the means 
by which pyrogens may contaminate parenteral products, 
their control becomes more achievable. Therefore, it is im- 
portant to know that water is probably the greatest potential 
source of pyrogenic contamination, since water is essential 
for the growth of microorganisms. When microorganisms 
metabolize, pyrogens will be produced. Therefore, raw wa- 
ter can be expected to be pyrogenic and only when it is 
appropriately treated to render it free from pyrogens, such as 
WFI, should it be used for compounding the product or rinsing 
product contact surfaces such as tubing, mixing vessels and 
rubber closures. Even when such rinsed equipment and sup- 



plies are left wet and improperly exposed to the environment, 
there is a high risk that they will become pyrogenic. As 
stated previously, although proper distillation will provide 
pyrogen-free water, storage conditions must be such that 
microorganisms are not introduced and subsequent growth is 
prevented. 

Other potential sources of contamination are containers 
and equipment. Pyrogenic materials adhere strongly to glass 
and other surfaces. Residues of solutions in used equipment 
often become bacterial cultures with subsequent pyrogenic 
contamination. Since drying does not destroy pyrogens, they 
may remain in equipment for long periods. Adequate wash- 
ing will reduce and subsequent dry-heat treatment can render 
contaminated equipment suitable for use. However, all such 
processes must be validated to assure their effectiveness. 

Solutes may be a source of pyrogens. For example, the 
manufacturing of bulk chemicals may involve the use of 
pyrogenic water for process steps such as crystallization, 
precipitationorwashing. Bulk drug substances derivedfrom 
fermentation will almost certainly be heavily pyrogenic. 
Therefore, all lots of solutes used to prepare parenteral prod- 
ucts should be tested to ensure that they will not contribute 
unacceptable quantities of endotoxin to the finished product. 

The manufacturing process must be carried out with great 
care and as rapidly as possible to minimize the risk of micro- 
bial contamination. Preferably, no more product should be 
prepared than can be processed, completely within one work- 
ing day, including sterilization. 



Containers 

Containers are an integral part of the formulation of an 
injection. No container is totally insoluble or does not in 
some way affect the liquid it contains, particularly if the liquid 
is aqueous. Therefore, the selection of a container for a 
particular injection must be based on a consideration of the 
composition of the container, as well as of the solution, and 
the treatment to which it will be subjected. 

Table 1 provides a generalized comparison of the three 
compatibility properties — leaching, permeation and adsorp- 
tion — of container materials most likely to be involved in the 
formulation of aqueous parenterals. Further, the integrity of 
the container/ closure system depends upon several character- 
istics, including container opening finish, closure modulus, 
durometer and compression set, and aluminum seal applica- 
tion force. These considerations have been reviewed bv Mor- 
ton. 10 




Extent 0 



Potential 
leachables 



Glass 
Borosilicate 
Soda-lime 
Plastic polymers 
Polyethylene 
Low density 
High density 

PVC 

Pnlyolefins 
Polypropylene 
Rubber polymers 
Natural and related synthetic 




Adsorption 
(selective) 
extent" 



1 



2 



Alkaline earth and heavy metal oxides 
Alkaline earth and heavy metal oxides 



Plasticizers, antioxidants 
Antioxidants 

HC1, especially plasticizers. antioxi- 
dants, other stabilizers 
Antioxidants 
Antioxidants, lubricants 



0 
0 



3 



N/A 
N/A 



Gases, water vapor, other molecules 
Gases, water vapor, other molecules 
Gases, especially water vapor and 

other molecules 
Gases, water vapor, other molecules 
Gases, water vapor 



, 2 



Butyl 
Silicone 

'■" Approximate scale of] to 5 with " 1" as the lowest 



Heavy metal salts, lubricants, reduc- 
ing agents 
Heavy metal salts, lubricants, reduc- 
ing agents 
Minimal 



Gases, water vapor 
Gases, water vapor 
Gases, water vapor 



2 
2 
2 

2 
1 

3 

9 



Tr 
ing ) 
pare 
volu 
ougl 
and 
view 
prep 
solu 
that 
als; ) 

1. 

the w 

• 

3. 
on th 

Pen 
by i 
rnol< 
outs 
for ( 
solu 
stor 
gen 
con 
tibh 
con 
anti 
mci 
obj( 
use" 
sele 
cur: 
vita 
occ 
as < 
the; 
C 

mat 
is a 
den 
mal 
disi 
tior 
pol; 
larj 
tha 
col, 
I 

not 

is L 

or 

Ho 

the 

pre 

Etl 

th« 

Ho 

oxi 

efff 

ing 

en< 

Fo: 



< 

mc 
vai 
cal 
str 



PARENTERAL PREPARATIONS 1531 



Plastic 

Thermoplastic polymers have been established as packag- 
ing materials for sterile preparations such as large-volume 
parenterals, ophthalmic solutions and, increasingly, for small- 
volume parenterals. For such use to be acceptable a thor- 
ough understanding of the characteristics, potential problems 
and advantages for use must be developed. A historical re- 
view of these factors relative to pharmaceuticals has been 
prepared by Autian. 1 1 A recent discussion of polymers for IV 
solutions has been published by Lambert. 12 Autian stated 
that three principal problem areas exist in using these materi- 
als; namely, 

1 . Permeation of vapors and other molecules in either d irection through 
the wall of the plastic container. 

2. Leaching of constituents from the plastic into the product. 

3 . SorpUon (absorption and/or adsorption) of drug molecules or tons 
on the plastic material. 

Permeation, the most extensive problem, may be troublesome 
by permitting volatile constituents, water or selected drug 
molecules to migrate through the wall of the container to the 
outside and thereby be lost. This problem has been resolved, 
for example, by the use of an overwrap in the packaging of IV 
solutions in PVC bags to prevent the. loss of water during 
storage. Reverse permeation also may occur by which oxy- 
gen or other molecules may penetrate to the inside of the 
container and cause oxidative or other degradation of suscep- 
tible constituents. Leaching may be a problem when certain 
constituents in the plastic formulation, such as plasticizeTS or 
antioxidants, migrate into the product. Thus, plastic poly- 
mer formulations should have as few additives as possible, an 
objective characteristically achievable for most plastics being 
used for parenteral packaging. Sorption is a problem on a 
selective basis, that is, sorption of a few drug molecules oc- 
curs on select polymers. For example, sorption of insulin, 
vitamin A acetate and warfarin sodium has been shown to 
occur on PVC bags and tubing when these drugs were present 
as additives in IV admixtures. A brief summary of some of 
these compatibility relationships is given in Table 1 . 

One of the principle advantages of using plastic packaging 
materials is thai they are not breakable as is glass; also, there 
is a substantial weight reduction. The flexibility of the low- 
density polyethylene polymer, for ophthalmic preparations, 
makes it possible to squeeze the side wall of the container and 
discharge one or more drops without introducing contamina- 
tion into the remainder of the product. The flexible bags of 
polyvinyl chloride or select polyolefins, currently in use for 
large-volume intravenous fluids, have the added advantage 
that no air interchange is required; the flexible wall simply 
collapses as the solution flows out of the bag. 

Most plastic materials have the disadvantage that they are 
not as clear as glass and, therefore, inspection of the contents 
is impeded In addition, many of these materials will soften 
or melt under the conditions of thermal sterilization. 
However, careful selection of the plastic used and control of 
the autoclave cycle has made thermal sterilization of some 
products possible, large-volume parenterals in particular. 
Ethylene oxide or radiation sterilization may be employed for 
the empty container with subsequent aseptic filling. 
However, careful evaluation of the residues from ethylene 
oxide or its degradation products and their potential toxic 
effect must be undertaken. Investigation is required concern- 
ing potential interactions and other problems that may be 
en countered when a parenteral product is packagedin plastic. 
For further details see Chapter 85. 

Glass 

Glass is employed as the container material of choice for 
most SVPs. It is composed principally of silicon dioxide with 
.. varying amounts of other oxides such as sodium, potassium, 
calcium, magnesium, aluminum, boron and iron. The basic- 
structural network of glass .is formed by the silicon oxide 



tetrahedron. Boric oxide will enter into this structure, but 
most of the other oxides do not. The latter are only loosely 
bound, are present in the network interstices and are relatively 
free to migrate. These migratory oxides may be leached into 
a solution in contact with the glass, particularly during the 
increased reactivity of thermal sterilizati on. The oxides thus 
dissolved may hydrolyze to raise the pH of the solution, cata- 
lyze reactions or enter into reactions. Additionally, some 
glass compounds will be attacked by solutions and, in time, 
dislodge glass flakes into the solution. Such occurrences can 
be minimized by the proper selection of the glass composi- 
tion. 13 

Types — The USP has aided in this selection by providing a 
classification of glass; namely, 

Type I, aborosilicate glass. 
Type II, a soda-lime treated glass. 
Type III. a soda-lime glass. 

NP, a soda-lime glass not suitable for containers for parenterals. 

Type I glass is composed principally of silicon dioxide and 
boric oxide, with low levels of the non-network-forming oxides. 
It is a chemically resistant glass (low teachability) also having 
a low thermal coefficient of expansion. 

Types II and III glass compounds are composed of relatively 
high proportions of sodium oxide and calcium oxide. This 
makes the glass chemically less resistant. Both types melt at 
a lower temperature, are easier to mold into various shapes 
and have a higher thermal coefficient of expansion than Type 
I. While there is no one standard formulation for glass among 
manufacturers of these USP type categories, Type n glass 
usually has a lower concentration of the migratory oxides than 
Type III. In addition, Type 11 has been treated under con- 
trolled temperature and humidity conditions with sulfur diox- 
ide to dealkalize the interior surface of the container. While 
it remains intact, this surface will increase substantially the 
chemical resistance of the glass. However, repeated expo- 
sures to sterilization and alkaline detergents will break down 
this dealkalized surface and expose the underlying soda-lime 
compound. 

The glass types are determined from the results of two USP 
tests: the Powdered Glass Test and the Water Attack Test. 
The latter is used only for Type II glass and is performed on the 
whole container, because of the dealkalized surface; the former 
is performed on powdered glass, which exposes internal sur- 
faces of the glass compound. The results are based upon the 
amount of alkali titrated by 0.02 N sulfuric acid after an 
autoclaving cycle with the glass sample in contact with a 
high-purity distilled water. Thus, the Powdered Gl/iss Test 
challenges the leaching potential of the interior structure of 
the glass while the Water Attack Test challenges only the 
intact surface of the container. 

Selecting the appropriate glass composition is a critical 
facet of determining the overall specifications for each paren- 
teral formulation. 

In general, Type I glass will be suitable for all products, 
although sulfur dioxide treatment sometimes is used for a 
further increase in resistance. Because cost must be consid- 
ered, one of the other less expensive types may be acceptable. 
Type II glass may be suitable, for example, for a solution 
which is buffered, has a pH below 7 or is not reactive with the 
glass. Type III glass usually will be suitable principally for 
anhydrous liquids or dry substances. However, some manu- 
facturer-to-manufacturer variation in glass composition should 
be anticipated within each glass type. Therefore, for highly 
chemically sensitive parenteral formulations it may be neces- 
sary to specify both USP Type and a specific manufacturer. 

Physical Characteristics — Some of the physical shapes 
of glass ampuls and vials are illustrated in Fig 3. 
Commerically available containers vary in size from 0.5 to 
] 000 mL. Sizes up to 1 00 mL may be obtained as ampuls and 
vials, and larger sizes as bottles. The latter are used mostly 
for intravenous and irrigating solutions. Smaller sizes are 
also available as cartridges. Ampuls and cartridges are drawn 
from glass tubing. The smaller vials may be made by mold- 
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Fig 4. Various types of ampuls and multiple-dose viais for parenter- 
als (courtesy, Kimble), 



ing or from tubing. Larger vials and bottles are made only by 
molding. Containers made by drawing tubing are generally 
optically clearer and have a thinner wall than molded contain- 
ers (see Fig 4). Molded containers are uniform in external 
dimensions, stronger and heavier. 

Easy-opening ampuls that permit the user to break off the 
tip at the neck constriction without the use of a Tile are weak- 
ened at the neck by scoring or applying a ceramic paint having 
a different coefficient of thermal expansion. An example of a 
modification of container design to meet a particular need is 
the double-chambered vial, under the name Univial (Univial), 
designed to contain a freeze-dried product in the lower and 
solvent in the upper chamber. Other examples are wide- 
mouth ampuls with flat or rounded bottoms, to facilitate filling 
with dry materials or suspensions, and various modifications 
of the cartridge for use with disposable dosage units. 

Glass containers must be strong enough to withstand the 
physical shocks of handling and shipping and the pressure 
differentials that develop, particularly during the autoclave 
sterilization cycle. They must be able to withstand the ther- 
mal shock resulting from large temperature changes during 
processing, for example, when the hot bottle and contents are 
exposed to room air at the end of the sterilization cycle. 
Therefore, a glass having a low coefficient of thermal expan- 
sion is necessary. The container also must be transparent to 
permit inspection of the contents. 

Preparations which are light-sensitive must be protected by 
placing them in amber glass containers or by enclosing flint 
glass containers in opaque cartons labeled to remain on the 
container during the period of use. It should be noted that 
the amber color of the glass is imparted by the incorporation 
of potentially leachable heavy metals, mostly iron and manga- 
nese, which may act as catalysts for oxidative degradation re- 
actions. Silicone coatings sometimes are applied to contain- 
ers to produce ahydrophobic surface, for example, as a means 
of reducing the friction of a rubber-tip of a syringe plunger. 

The size of single-dose containers is limited to 1000 mL by 
the USP and multiple-dose containers to 30 mL, unless stated 
otherwise in a particular monograph. Multiple-dose vials are 
limited in size to reduce the number of punctures for withdraw- 
ing doses and the accompanying risk of contamination of the 
contents. As the name implies, single-dose containers are 
opened with aseptic care and the contents used at one time 
These may range in size from 1 000-mL bottles to 1 -mL or less 
ampuls, vials or syringes. The integrity of the container is 
destroyed when opened so that the container cannot be closed 
again. 

A multiple-dose container is designed so that more than one 
dose can be withdrawn at different times, the container main- 
taining a seal between uses. It should be evident that with 




Fig 5. Extended view of scaling components for a multiple-dose vial 
(courtesy, West). 



full aseptic precautions, including sterile syringe and needle 
for withdrawing the dose and disinfection of the exposed 
surface of the closure, there is still a substantial risk of intro- 
ducing contaminating microorganisms and viruses into the 
contents of the vial. Because of this risk, the USP requires 
that all multiple-dose vials must contain an antimicrobial agent 
or be inherently antimicrobial, as determined by the USP 
AraiinicrobialPreservatives-Effectiveiiess tests. * There are 
no comparable antiviral effectiveness tests, nor are antiviral 
agents available for such use. In spite of the advantageous 
flexibility of dosage provided by multiple-dose vials, single- 
dose, disposable container units provide the clear advantage 
of greater sterility assurance and patient safety. 

Rubber Closures 

In order to permit introduction of a needle from a hypoder- 
mic syringe into a multiple-dose vial and provide for resealing 
as soon as the needle is withdrawn, each vial is sealed with a 
rubber closure held in place by an aluminum cap. Figure 5 
illustrates how this is done. This principle also is followed 
for single-dose containers of the cartridge type, except that 
there is only a single introduction of the needle to make 
possible the withdrawal or expulsion of the contents. 

Rubber closures are composed of multiple ingredients that 
are plasticized and mixed together at an elevated temperature 
on milling machines. Subsequently, the plasticized mixture 
is placed in molds and vulcanized (cured) under high tempera- 
ture and pressure. During vulcanization the polymer strands 
are cross-linked by the vulcanizing agent, assisted by the 
accelerator and activator, so that motion is restricted and the 
molded closure acquires the elastic, resilient character re- 
quired for its use. Ingredients not involved in the cross- 
linking reactions remain dispersed within the compound and, 



Table 2— Examples of Ingredients in Rubber Closures 
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along with the degree of curing, affect the properties of the 
finished closure. Examples of rubber-closure ingredients are 
given in Table 2. 

The physical properties to be considered in the selection of 
a particular formulation include elasticity, hardness, tendency 
to fragment and permeability to vapor transfer. The elastic- 
ity is critical in establishing a seal with the lip and neck of a vial 
or other opening, and in resealing after withdrawal of a hypo- 
dermic needle from a vial closure. The hardness should pro- 
vide firmness by not excessive resistance to the insertion of a 
needle through the closure, while minimal fragmentation of 
pieces of rubber should occur as the hollow shaft of the needle 
is pushed through the closure. While vapor transfer occurs 
to some degree with all rubber formulations, appropriate selec- 
tion of ingredients makes it possible to control the degree of 
permeability. Physicochemical and toxicological tests for 
evaluating rubber closures are described in section (381) in 
theUSP. 

The ingredients dispersed throughout the rubber com- 
pound maybe subject to leaching into the product contacting 
the closure. These ingredients, examples of which are given 
in Table 2 , pose potential compatibility interactions with prod- 



uct ingredients if leached into the product solution, and these 
effects must be evaluated. 14 ' 15 Further, some ingredients 
must be evaluated for potential toxicity. In order to reduce 
the problem of leachables, attempts have been made to coat 
the product contact surfaces of closures with various poly- 
mers, the most successful being Teflon, or to treat the closures 
in ways considered trade secrets. 

The physical shape of some typical closures may be seen in 
Fig 5. Most of them have a lip and a protruding flange that 
extends into the neck of the vial or bottle. Many disk clo- 
sures are being used now, particularly in the high-speed pack- 
aging of antibiotics. Slotted closures are used on freeze- 
dried products to make it possible to insert the closure part 
way into the neck of the vial during the drying phase of the 
cycle. Partial insertion provides limited protection from con- 
tamination while permitting water vapor to escape from the 
drying product. The plunger type is used to seal one end of a 
cartridge. At the time of use, the plunger expels the product 
by a needle inserted through the closure at the distal end of the 
cartridge. Intravenous solution closures often have perma- 
nent holes for adapters of administration sets; irrigating solu- 
tion closures usually are designed for pouring. 



Production Facilities 



A product having components of the best quality quickly 
may become totally unacceptable if the environment in which 
it is processed is contaminated or if the manufacturing proce- 
dure is not carried out properly. Therefore, the production 
facilities and the procedure used in processing the product 
must meet standards adequate for the task. The nearer these 
standards approach perfection, the better and safer should be 
the product. 

Arrangement of Area 

The production area can be considered in terms of five 
functional areas: the cleanup area, the compounding area, 
the aseptic area, the quarantine area and the finishing or 
packaging area. All of these should be designed and con- 
structed for cleaning ease, appropriate environmental con- 
trol, efficient operation and personnel comfort. The extra 
requirements for the aseptic area are designed to provide an 
environment where, for example, an injection may be exposed 
to the environment for a brief period during subdivision from a 
bulk container to the individual-dose containers without be- 
coming contaminated. Contaminants such as dust, lint and 
microorganisms normally are found floating in the air, lying on 
counters and other surfaces, on clothing and body surfaces of 
personnel, in the exhaled breath of personnel and deposited 
on the floor. The design and control of an aseptic area is 
directed toward so reducing the presence of these contami- 
nants that they are no .longer a hazard to aseptic filling. 
Although the aseptic area must be adjacent to support areas so 
that an efficient flow of components may be achieved, barriers 
must be provided to minimize ingress of contaminants to the 
critical aseptic area. Such barriers may consist of a variety 
of forms, including sealed walls, manual or automatic doors, 
airlock pass-throughs, ports of various types or plastic 
curtains. Figure 6 shows an example of a floor plan in which 
the two fill rooms and the staging area constitute the walled 
critical aseptic area, access to which is only by means of 
pass-through airlocks. Adjacent support areas (rooms) con- 
sist of glass preparation, equipment wash, capping, manufac- 
turing (compounding) and various storage areas. Figure 7 
shows an adjacent arrangement with the utilization of a 
through-the-wall port for passage of a filtrate into the critical 
aseptic filling room. 

Flow Plan — In general, the components for a parenteral 
product flow from the stockroom for released components, 
either to the compounding area, as for ingredients of the 




Fig 6. Roof plan of aseptic filling rooms and staging room with 
adjacent support areas (courtesy, Glaxo). 



formula, or to the cleanup area, as for containers and 
equipment. See Fig 8 for a process-flow diagram. After 
proper processing in these areas, the components flow into 
the security of the aseptic area for filling of the product in 
appropriate containers. From there the product passes into 
the quarantine area where it is held until all necessary tests 
have been performed. If the product is to be sterilized in its 
final container, its passage normally is interrupted after leav- 
ing the aseptic area for subjection to the sterilization process. 
After the results from all tests are known and the product has 
been found to comply with its release specifications, it passes 
to the finishing area for final labeling and packaging. There 
sometimes are variations from this flow plan to meet the 
specific needs of an individual product or to conform to exist- 
ing facilities. Automated operations convey the components 
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Fig 7. Product filtration from the aseptic staging room through a 
porUnto the aseptic filling room {courtesy, The University of Tennes- 
see College of Pharmacy). 



from one area to another with little or no handling by opera- 
tors. 

Cleanup Area — The cleanup area is constructed to with- 
stand moisture, steam and detergents. The ceiling, walls and 
floor should be constructed of impervious materials so that 
moisture will run off and not be held. . One of the "spray -on- 
tile" finishes with a vinyl or expoxy sealing coat provides a 
continuous surface free from all holes or crevices. All such 
surfaces can be washed at regular intervals to keep them 
thoroughly clean. These areas should be exhausted ad- 
equately so that the heat and humidity will be removed for the 
comfort of personnel. Precautions must be taken to prevent 
the accumulation of dirt and the growth of microorganisms, 
especially in the presence of high humidity and heat. In this 
area preparation for the filling operation, such as assembling 
equipment, is undertaken. Adequate sink and counter space 
must be provided. While this area does not need to be asep- 
tic, it must be cleanable and kept clean and the microbial load 
must be monitored and controlled. Precautions also must be 
taken to prevent deposit of particles or other contaminants on 
clean containers and equipment. 

Compounding Area — In this area the formula is 
compounded. Although it is not essential that this area be 
aseptic, control of microorganisms and particulates should be 
more stringent than in the cleanup area. For example, means 
may need to be provided to control dust generated from 
weighing and compounding operations. Cabinets and 
counters should, preferably, be constructed of stainless steel. 
They should fit snugly to walls and other furniture so that there 
are no catch areas for dirt to accumulate. The ceiling, walls 
and floor shouldbe constructed similarto those for the cleanup 
area. 

Aseptic Area 

This area requires construction features designed for maxi- 
mum microbial and particulate control. The ceiling, walls 



STOCKROOM 


COMPOUND- 
ING AREA 


+ ASEPTIC _ 

FILLING 
AREA 


QUARANTINE 


STORAGE 

AND 
SHIPPING 


CLEAN-UP 
_^ AREA _ 


STERILIZATION 


PACKAGING 

AND 
FINISHING 



Fig 8. Process-fiow diagram. 



and floor must be sealed so that they may be washed and 
sanitized with a disinfectant, as needed. All counters should 
be constructed of stainless steel and hung from the wall so that 
there are no legs to accumulate dirt where they rest on the 
floor. All light fixtures, utility service lines and ventilation 
fixtures should be recessed in the walls or ceiling to eliminate 
ledges, joints and other locations for the accumulation of dust 
and dirt. As much as possible, tanks containing the com- 
pounded product should remain outside the aseptic filling 
area and the product fed into the area through hose lines. 
Figure 7 shows such an arrangement Proper sanitation is 
required if the tanks must be moved in. Mechanical equip- 
ment that is located in the aseptic area should be housed as 
completely as possible within a stainless-steel cabinet in order 
to seal the operating parts and their dirt-producing tendencies 
from the aseptic environment. Mechanical parts that will 
contact the parenteral product should be demountable so that 
they can be sterilized. 

Personnel entering the. aseptic area should enter only 
through an airlock. They should be attired in sterile cover- 
alls with sterile hats ; masks, goggles and foot covers. 
Movement within the room should be minimal and in-and-out 
movement rigidly restricted during a filling procedure. The 
requirements for room preparation and the personnel may be 
relaxed somewhat if the product is to be sterilized terminally 
in a sealed container. Some are convinced, however, that, it 
is better to have one standard procedure meeting the most 
rigid requirements. 

Air Cleaning 

The air in these areas can be one of the greatest sources of 
contamination. It need not be, however, because several 
methods are available for providing clean air that is essentially 
free from dirt particles and microorganisms. 

To provide such air, it must be cleaned thoroughly of all 
contaminants. This may be done by a series of treatments 
that will vary somewhat from one installation to another. 
One such series is air from the outside first is passed through a 
prefilter, usually of glass wool, cloth or shredded plastic, to 
remove large particles. Then it is treated by passage through 
an electrostatic precipitator (Suppliers: Am Air, Electro- 
Air, Slurtevanl). Such a unit induces an electrical charge 
on particles in the air and removes them bv attraction to 
oppositely charged plates. The air then passes through the 
most efficient cleaning device, a HEPA (high efficiency particu- 
late au*) filter having an efficiency of at least 99.97% in remov- 
ing particles of 0.3 u.m and larger, based on the DOP (Dioctyl 
phthalate) test (Sup pliers : Am Air, Cambridge, Flanders). 

For personnel comfort, air conditioning and humidity con- 
trol should be incorporated into the system. Another sys- 
tem, the Kathabar system {Surface Combustion), cleans the 
air of din and microorganisms by washing it in an antiseptic 
solution and, at the same time, controls the humidity. The 
clean, aseptic air is introduced into the aseptic area and main- 
tained under positive pressure, which prevents outside air 
from rushing into the aseptic area through cracks, temporarilv 
open doors or other openings. 

Laminar-Flow Environments — The required environ- 
mental control of aseptic areas has been made possible by the 
use of laminar airflow enclosures. Laminar airflow provides 
a total sweep of a confined space because the entire body of air 
moves with a uniform velocity, usually 90 ft/min, ± 20% along 
parallel lines, originating through a HEPAfilter occupying one 
entire side of the confined space. Therefore, it bathes the 
total space with very clean air, sweeping away contaminants. 

The arrangement for the direction of airflow can be horizon- 
tal (see Fig 9) or vertical (see Fig 10), and may involve a 
limited area such as a workbench or an entire room. 

Figure 10 shows a vial-filling line protected with vertical 
laminar airflow from ceiling-hung HEPA filters. Plastic cur- 
tains are installed to maintain the laminarity of airflow to 
below the filling line and to circumscribe the critical filling 
portion of the line. The area outside the curtains can be 
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Fig 9. Horizontal laminar-fiow workbench (courtesy, adaptation, 
Sandia). 

maintained at a slightly lower level of cleanliness than that 
inside. 

Laminar flow of HEPA-filtered air is capable of meeting the 
standard for a Class 100 clean room as defined by Federal 
Standard 209E, lfi which states that such an environment con- 
tains no more than 100 particles/ft 3 of 0.5 u.m and larger in 
size. Thus, in Fig 1 0, the area within the curtains should be a 
Class 100 environment but the area outside may be Class 
1 0,000 or cleaner, defined on the same basis. Today, it is 
accepted that critical areas of processing, wherein the prod- 
uct or product contact surfaces may be exposed to the environ- 
ment, even for a brief period of time, should meet Class 1 00 
clean room standards. 

It must be borne in mind that any contamination introduced 
upstream by equipment, arms of the operator or leaks in the 
filter will be blown downstream. In the instance of horizontal 
flow this may be to the critical working site, the face of the 
operator or across the room. Should the contaminant be, for 
example, penicillin powder, a bio hazard material or viable 
microorganisms, the danger to the operator is apparent 
Further, great care must be exercised to prevent cross- 
contamination from one operation to another, especially with 
horizontal laminar air flow. For operations involving such 
contaminants a vertical system is much more desirable, with 
the air flowing through perforations in the countertop or 
through return louvers at floor level where it can be directed 

for decontamination. Vertical flow has been recommended 
for sterility-testing procedures. 




Fig 1 0. Via) filling line under vertical laminar airflow with critical area 
enclosed within plastic curtains (courtesy, Merck). 




Fig 1 1 . One configuration of an isolator (courtesy , Amsco) . 



Laminar-flow environments provide well-controlled work 
areas only if proper precautions are observed. Any reverse 
air currents or movements exceeding the velocity of the HEPA- 
filtered airflow may introduce contamination, as may cough- 
ing, reaching or other manipulations of operators. 

Therefore, laminar-flow work areas should be protected by 
being located within controlled environments. Personnel 
should be attired for aseptic processing as described below. 
All movements and processes should be planned carefully to 
avoid the introduction of contamination upstream of the criti- 
cal work area. Checks of the airstream should be performed 
initially and at regular intervals to be sure no leaks have 
developed through or around the HEPA filters. 

Workbenches and other types of laminar'flow enclosures 
are available from several commercial sources (Suppliers: 
Air Control. Atrnos-Tech, Baker, Clean Air, Clestra, EACI/ 
Envirco, Flanders, Laminaire, Liberty, Veco). 

Isolation (barrier) technology is a relatively new approach 
designed to isolate aseptic operations from personnel. 
Figure 3 1 shows the structure of one configuration of an 
isolator. As can be seen, the operations are performed within 
transparent, plastic, sealed walls with the operator, in this 
instance, working through gloves and a half-suit. These iso- 
lation work stations are presterilized. usually with peracetic 
acid or hydrogen peroxide vapor, and sterile supplies are 
introduced from sterilizing modules through uniquely engi- 
neered transfer ports. Results from the use of these units in 
controlling contamination during sterility testing have re- 
duced false positives to essentially zero. Studies are being 
undertaken to evaluate these units for aseptic production 
operations. 17 

Ultraviol t Radiation 

Ultraviolet (UV) light rays have an antibacterial action, 
thereby producing a disinfectant action on directly irradiated 
surfaces. Since these rays cannot penetrate most materials, 
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only a surface effect is produced, with the principal exception 
being limited penetration through air and pure water. UV 
light rays. travel in straight lines only; therefore, objects in the 
path of the light beam will cast shadows with a resultant lack 
of irradiation in the shadow area. 

UV rays are irritating to the skin and, particularly, the eyes 
of human beings. Therefore, should personnel be in the area 
of irradiation, they must be protected from direct exposure. 
Direct irradiation of a room when personnel are not present is 
a valuable means of reducing the bacterial count on working 
surfaces and floors. 

The best practical source of UV light rays is the cold- 
cathode mercury vapor lamp. This lamp emits a high propor- 
tion of radiation at the 253 .7 run wavelength. A special glass 
is used for the tube so that the rays will pass to the outside. 
This glass gradually will change in crystal structure with use 
so that passage of the rays is gradually reduced. Such lamps, 
therefore, rarely burn out as do visible-light lamps but gradu- 
ally reach an emission level which is ineffective. These lamps 
also must be kept clean, for dust and grease will lower the 
effective emission drastically. It generally is stated that an 
irradiation intensity of 20 uw/cm- is required for effective 
antibacterial activity. 

Maintenance of the Aseptic Area 

Housekeeping and maintenance are important aspects in 
controlling environmental contamination in the aseptic area. 
These should be done by crews given special instruction and 
under the supervision of personnel trained in the care of such 
areas. In general, cleaning and maintenance should be done 
after the completion of the day's work with an interval of 
quietude before the beginning of another aseptic operation. 
With the advent of laminar flow of HEPA-flltered air the rigors 
of cleaning have been reduced since the clean airflow continu- 
ously "sweeps" the area clean. All maintenance equipment 
should be selected for its effectiveness and freedom from 
lint-producing tendencies and should be reserved for use in 
aseptic areas only. 

Personnel 

Personnel selected to work on the preparation of a paren- 
teral product must be neat, orderly and reliable. They should 
be in good health and free from dermatological conditions 
that might increase the microbial load. If they show symp- 
toms of a head cold, allergies or similar illness, they should not 
be permitted in the aseptic area until their recovery is 
complete. However, a healthy person with the best personal 
hygiene still will shed large numbers of viable and nonviable 
particles from body surfaces. This natural phenomenon cre- 
ates continuing problems when personnel are present in clean 
rooms, but effective training and proper gowning can reduce, 
but not eliminate, the problem of particle shedding from per- 
sonnel. 

Aseptic-area operators should be given thorough, formal 
training in the principles of aseptic processing and the tech- 
niques to be employed. Subsequently, the acquired knowl- 
edge and skills should be evaluated, to be sure training has 
been effective; before they are allowed to participate in the 
preparation of sterile products. Retraining should be per- 
formed on a regular schedule to enhance the maintenance of 
the required level of expertise. An effort should be made to 
imbue operators with an awareness of the vital role they play 
in determining the reliability and safety of the final product. 
This is especially true of supervisors since they should be 
individuals who not only understand the unique requirements 
of aseptic procedures but who are able to obtain the full 
participation of other employees in fulfilling these exacting 
requirements. 

The uniform worn is designed to confine the contaminants 
discharged from the body of the operator, thereby preventing 



their entry into the production environment. For use in the 
aseptic area, uniforms should be sterile. Fresh, sterile uni- 
forms should be used after every break period, or whenever 
the individual returns to the aseptic area. In some plants this 
is not required if the product is to be sterilized in its final 
container. The uniform usually consists of coveralls for both 
men and women, hoods to completely cover the hair, face 
masks and Dacron or plastic boots (Pig 12). Sterile rubber 
gloves also are required for aseptic operations, preceded by 
thorough scrubbing of the hands with a disinfectant soap. In 
addition, goggles may be required to complete the coverage of 
all skin areas. 

Dacron or Tyvek uniforms are used usually, are effective 
barriers to discharged body particles (viable and nonviable), 
are essentially lint-free and are reasonably comfortable. Air 
showers are sometimes directed on personnel entering the 
processing area to blow loose lint from the uniforms. 

Environmental Control Evaluation 

As evidenced by the above discussion, manufacturers of 
sterile products use extensive means to control the environ- 
ment so that these critical products can be prepared free from 
contamination. Nevertheless, tests should be performed to 
determine the level of control actually achieved. Normally, 
the tests consist of counting viable and nonviable particles 
suspended in the air or settled on surfaces in the workspace. 
A baseline count, determined by averaging multiple counts 
when the facility is operating under controlled conditions, is 
used to establish the optimal test results expected. During 
the subsequent monitoring program, the test results are fol- 
lowed carefully for high individual counts, a rising trend or 
other abnormalities. If they exceed selected alert or action 
levels, a plan of action must be put into operation to determine 
if or what corrective measures are required. 

The tests used generally measure either the particles in a 
volume of sampled air or the particles that are settling or are 
present on surfaces. A volume of air measured by an elec- 




Flg 1 2. Appropriate uniform for operators entering an aseptic filling 
room (courtesy, Abbott). 
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tronic particle counter will detect all particles instantly, but 
not differentiate between viable and nonviable ones. 
However, because of the need to control the level of microor- 
ganisms in the environment in which sterile products are 
processed, it also is necessary to detect viable particles. 
These usually are less in number than nonviable ones and are 
only detectable as colony forming units (CFUs) after a suit- 
able incubation period at, for example, 30 to 35°C for up to 48 
hours. 

Locations for sampling should be planned to reveal poten- 
tial contamination levels which may be critical in the control 
of the environment. For example, the most critical process 
step is usually the filling of dispensing containers, a site obvi- 
ously requiring monitoring. Other examples include the 
gowning room, high-traffic sites in and out of the filling area, 
the penetration of conveyor lines through walls and sites near 
the inlet and exit of the air system. 

The size of the sample should be large enough to obtain a 
meaningful particle count. At sites where the count is ex- 
pected to be low the size of the sample may need to be 
increased; for example, in Class 1 00 areas, Whyte and NivenJ 8 
suggest that the sample should be at least 30 ft 3 and, probably, 
much more. They also suggest that settling plates should be 
exposed in Class 100 areas for an entire fill (up to 7 to 8 hours) 
rather than the more common 1 hour. However, excessive 
dehydration of the medium must be avoided, particularly in 
the path of laminar-flow air. 

To measure the total particle content in an air sample, 
electronic particle counters are available, operating on the 
principle of the measurement of light-scattered from particles 
as they pass through the cell of the optical system (Suppliers: 
Clirnet, Met One, Particle Measuring, Royco). These in- 
struments not only count particles but also provide a size 
distribution based on the magnitude of the light scattered 
from the particle. 

Several air-sampling devices are used to obtain a count of 
microorganisms in a measured volume of air. A slit-to-agar 
(STA) sampler (Suppliers: Mattson-Gcm>in t New Bruns- 
wick) draws by vacuum a measured volume of air through a 
narrow opening causing the air to impact on the surface of a 
slowly rotating nutrient agar plate. Microorganisms adhere 
to the surface of the agar and grow into visible colonies which 
arc counted as CFUs, since it is not known whether the colo- 
nies arise from a single microorganism or a cluster. A cen- 
trifugal sampler (Supplier: BiotesQ pulls air into the sam- 
pler by means of a rotating propeller and slings the air by 
centrifugal action against a peripheral nutrient agar strip. 
The advantages of this unit are that it can be disinfected easily 
arid is portable so that it can be hand-carried wherever needed. 
These two methods are used quite widely. 



A widely used method for microbiological sampling con- 
sists of the exposure of nutrient agar culture plates to the 
settling of microorganisms from the air. This method is very 
simple and inexpensive to perform but will detect only those 
organisms which have settled on the plate; therefore, it does 
not measure the number of microorganisms in a measured 
volume of air. Nevertheless, if the conditions of exposure 
are repeated consistently, a comparison of CFUs at one sam- 
pling site from one time to another can be meaningful. 

The number of microorganisms on surfaces can be deter- 
mined with nutrient agar plates having a convex surface (Ro 
dac Plates'). * With these it is possible to roll the raised agar 
surface over flat or irregular surfaces to be tested. 
Organisms will be picked up on the agar and will grow during 
subsequent incubation. This method also can be used to 
assess the number of microorganisms present on the surface 
of the uniforms of operators, either as an evaluation of gown- 
ing technique immediately after gowning or as a measure of 
the accumulation of microorganisms during processing. 
Whenever used, care must be taken to remove any agar resi- 
due left on the surface tested. 

Further discussion of proposed viable particle test methods 
and the counts to be accepted will be found in Section (J 1 1 6) 
"Microbial Evaluation and Classification of Clean Rooms and 
Clean Zones" \i\PharmFomm i<S:4048, 1992. 

Results from the above tests are very valuable to keep 
cleaning, production and quality-control personnel apprised 
of the level of contamination in a given area and, by compari- 
son with baseline counts, will indicate when more extensive 
cleaning and sanitizing is needed. The results also may serve 
to detect environmental control defects such as failure in 
air-cleaning equipment or the presence of personnel who may 
be disseminating large numbers of bacteria without apparent 
physical ill effects. 

Media Fill — An evaluation which is not strictly an environ- 
mental test, but which includes an evaluation of the environ- 
ment along with the process, the operators and the equip- 
ment, is the "media fill/' Sterile trypticase soy broth is filled 
into sterile containers under conditions simulating as closely 
as possible those characteristics of a filling process for a 
product. The entire lot, normally at least 3000 units, is then 
incubated at a suitable temperature, usually 20 to 25 c , for at 
least 14 days and examined for the appearance of growth of 
microorganisms. If growth occurs, contamination has en- 
tered the containers) during the processing. To pass the 
test not more than .0.1% of the units may show growth. This 
evaluation also has been used as a measure of the proficiency 
of an individual operator. This test is a very stringent evalua- 
tion of the efficiency of an aseptic filling process and, by many, 
is considered to be the most evaluative test available. 



Production Procedures 



The processes required for preparing sterile products con- 
stitute a series of events initiated with the securing of ap- 
proved raw materials (drugs, excipients, vehicles, etc) and 
primary packaging components (containers, closures, etc) 
and ends with the sterile product sealed in its dispensing 
package. Each step in the process must be controlled very 
carefully in order that the product will have its required quality. 
To assure the latter, each process should be validated to be 
sure that it is accomplishing what it is intended to do. For 
example, an autoclave sterilization process must be validated 
by providing data showing that it effectively kills resistant 
forms of microorganisms; or, a cleaning process for rubber 
closures should provide evidence that it is cleaning closures to 
the required level of cleanliness. The validation of processes 
requires an extensive and intensive effort to be successful, and 
is an integral part of CGMP requirements. 



In the following sections the production procedures used in 
preparing sterile drug products will be discussed. 

Cleaning Containers and Equipment 

Containers and equipment coming in contact with paren- 
teral preparations must be cleaned meticulously. It is obvi- 
ous that if this were not so, all other precautions to prevent • 
contamination of the product would be useless. It also should 
be obvious that even new, unused containers and equipment 
will be contaminated with such debris as dust, fibers, chemical 
films and other materials arising from such sources as the 
atmosphere, cartons, the manufacturing process and human 
hands. Much greater contamination must be removed from 
previously used equipment before it will be suitable for reuse. 
Equipment should be reserved exclusively for use only with 
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parenteral preparations and, where conditions dictate, only 
for one product in order to reduce the risk of contamination. ' 

A variety of machines are available for cleaning containers 
for parenteral products. These vary in complexity from a 
small rotary rinser (Fig 1 3) to large automatic washers ca- 
pable of processing several thousand containers an hour (Fig 
] 4). The selection of the particular type will be determined 
largely by the physical type of containers, their condition with 
respect to contamination and the number to be processed in a 
given period of time. 

Characteristics of Machinery — Regardless of the type of 
cleaning machine selected, certain fundamental characteris- 
tics usually are required. 

J . The liquid or air treatment must be introduced in such a manner that 
it will strike the bottom of the insideof the inverted container, spread in all 
directions and smoothly flow down the walis and out the opening with a 
sweeping action. The pressure of the jet stream should be such that there 
is minimal splashing, and the flow should be such that it can leave the 
container opening wiihout accumuiaUrtgand producing turbulence inside. 
Splashing may prevent cleaning all areas, and turbulence may redeposit 
loosened debris. Therefore, direct introduction of the jet stream within 
the container with control of its flow is required. 

2. The container musi receive a concurrent outside rinse. 

:3. The cycle of treatment should provide for a planned sequence 
alternating very hot and cool treatments. The final treatment should be 
an efl'eaive rinse with water of a quality equivalent toWFI. 

4- All meiaJ parts coming in contact with the containers and with the 
treatments should be constructed of stainless steei or some other noncor- 
roding and noncontamlnaiing material. 

Treatment Cycle — The cycle of treatments to be em- 
ployed will vary with the condition of the containers to be 
cleaned. In general, loose dirt can be removed by vigorous 
rinsing with water. Detergents rarely are used for new con- 
tainers because of the risk of leaving detergent residues. 
However, a thermal-shock sequence in the cycle usually is 
employed to aid, by expansion and contraction, loosening of 
debris that may be adhering to the container wall. 
Sometimes only an air rinse is used for new containers, particu- 
larly if used for a dry powder. In all instances the final rinse 
whether air or WFI, must be ultraclean so that no particulate 
residues are left by the rinsing agent. 

Only new containers are used for parenterals. Improve- 
ments have been made in maintaining their cleanliness during 
shipment from the manufacturer through tight, low-shedding 
packaging, including plastic blister packs, as can be seen 
sucked on the right of Fig 1 4. 

Machinery for Containers — The machinery available for 
cleaning containers embodies the above principles but varies 
in the mechanics by which it is accomplished. In one ap. 
proach ; the jet tubes are arranged on arms like the spokes of a 
wheel, which route around a center post through which the 




Fig 14, Loading end of large conveyor vial washer that subjects 
inverted vials to a series of cleaning steps before delivery from the far 
end of the washer. Note the vials in plastic blister packs at right of 
operator (courtesy, Merck). 



treatments are introduced. An operator places the unclean 
conumers on the jet tubes as they pass the loading point and 
removes the clean containers as they complete one rotation 
bucn a small-scale machine is pictured in Fig 1 4 A washer 
capable of cleaning hundreds of containers an hour, shown in 
Figure 1 4 , uses a row of jet tubes across a conveyor belt The 
belt moves the inverted containers past the programmed se- 
ries of treatments and discharges the clean containers into a 
sterilizing oven (not shown) , which ultimately discharges them 
through a wall into a clean room for filling. Another tvpe of 
machine is the rack-loading washer. Stainless-steel" racks 
are designed to fit over the open ends of ampuls or vials as 
configured in trays of shipping cartons or blister packs 
Inverting the trays permits the conUiners to slide into the 
racks so that they can be handled by the quantity in the tray, as 
shown in Fig 15. The clean conUiners may be transferred 
directly to the conveyor of a sterilizating tunnel (as shown) or 
they may be placed in stainless-steel boxes for subsequent 
dry-heat sterilization and storage. A continuous automated 
line operation is shown in Figure 1 6. The vials are fed into 
the rotary rinser in the foreground, transferred automatically 
to the covered sterilizing tunnel in the center, conveyed 
through the wall in the background and discharged through 
the wall into the filling clean room. "^ugn 

Handling after Cleaning— The wet, clean containers must 




Fig 1 3. Rotary rinser (Cozzoli) in a clean environment provided by 
vertical laminar airflow within a curtained enclosure (courtesy Ciba- 
Geigy). 




Fig 15. Cleaning vials with rack-loading washer, permitting nan- 
dling vials by a full rack. After multiple-washing treatments, the 
racks are placed directly on the conveyor belt of the hot-air sterilizing 
tunnel (courtesy, Merck) . y 
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Pig 1 6. Continuous automatic line operation for vials from a rotary 
rinser through a steriiizing tunnel with vertical laminar-airflow protec- 
tion of clean vials (courtesy, Abbott). 



be handled in such a way that contamination will not be 
reintroduced. A wet surface will collect contaminants much 
more readily than will a dry surface. For this reason wet, 
rinsed containers must be protected, such as by a laminar flow 
of clean air until covered, as within a stainless-steel box or 
within a sterilizing tunnel. Although not clearly visible in 
each instance, the wet, clean containers in Figs 1 3-1 6 were so 
protected. In addition, microorganisms are more likely to 
grow in the presence of moisture. Therefore, wet, clean 
containers should be dry-heat sterilized as soon as possible 
after washing. Doubling the heating period generally has 
been considered to be adequate also to destroy pyrogens, but 
the actual time-temperature conditions required must be vali- 
dated. 

Increases in process rates have necessitated the develop- 
ment of continuous, automated line processing with a mini- 
mum of individual handling, still maintaining adequate con- 
trol of the cleaning and handling of the containers. In Fig 1 6, 
the clean, wet containers are protected by filtered laminar^ 
flow air from the rinser through the tunnel and until they are 
delivered to the filling line. 

Closures — Rubber closures are coated with lubricant from 
the molding operation. In addition, the rough surface and 
electrostatic attraction tend to hold debris. Also, the surface 
"bloom" from migrated inorganic constituents of the com- 
pound must be removed. The recommended procedure calls 
for gentle agitation in a hot solution of a mild water softener 
The closures are removed from the solution and rinsed several 
times, or continuously for a prolonged period, with filtered 
WFI. The rinsing is to be done in a manner which will flush 
away loosened debris. The wet closures are carefully pro- 
tected from pick up of environmental contamination, are ster- 
ilized, usually by autoclaving, and stored in closed containers 
until ready for use. This cleaning and sterilizing process 
must be validated with respect to rendering the closures free 
from pyrogens. Actually, it is the cleaning and final, thor- 
ough rinsing with WFI that must remove pyrogens, since 
autoclaving does not destroy them. If the closures were 
immersed during autoclaving, the solution is drained off he- 
fore storage to reduce hydration of the rubber compound. If 
the closures must be dry for use, they may be subjected to 
vacuum drying at a temperature in the vicinity of 1 00°. 

The equipment used for washing large numbers of closures 
is usually an agitator or horizontal basket-type automatic 
washing machine. Because of particulate generation from 
the abrading action of these machines, some heat the closures 
m kettles in detergent solution and follow with prolonged 
flush rinsing. The final rinse always should be with low nar- 
ticulaie WFI. H 



Equipment — The details of certain prescribed techniques 
for cleaning and preparing equipment, as well as of containers 
and closures, have been presented elsewhere. 19 Here, a few 
points will be emphasized. 

All equipment should be disassembled as much as possible 
to provide access to internal structures. For thorough clean- 
ing, surfaces should be scrubbed thoroughly wiih a stifT brush 
using an effective detergent, paying particular attention to 
joints, crevices, screw threads and other structures where 
debris is apt to collect. Exposure to a stream of clean steam 
will aid in dislodging residues from the walls of stationary 
tanks, spigots, pipes and similar structures. Thorough rins- 
irtg with distilled water should follow the cleaning steps. 
Large stationary tanks, such as those shown in Fig 1 7, should 
be protected as much as possible from contamination after 
cleaning but should be rinsed thoroughly again with distilled 
water or WFI prior to reuse. 

Because of the inherent variation in the manual cleaning of 
tanks and other large equipment items, together with the need 
to validate the process, an automated, usually computer- 
controlled, system has been developed called "cleaning in 
place" (C1P). 20 Such an approach involves designing the 
system, normally of stainless steel, with smooth, rounded 
internal surfaces and without crevices. That is, for example , 
with welded rather than threaded connections. The cleaning 
is accomplished with the scrubbing action of high-pressure 
spray bails or nozzles delivering hot detergent solution from 
tanks captive to the system. Thorough rinsing with WFI 
follows and is accomplished within the same system. The 
system often is extended to permit sterilizing in place (SIP) as 
well. 21 

Rubber tubing, rubber gaskets and other rubber parts may 
be washed in a manner such as described for rubber closures. 
Thorough rinsing of tubing must be done by passing WFI 
through it. However, due to the relatively porous nature of 
rubber compounds and the difficulty in removing all traces of 
chemicals from previous use. it is considered bv some inadvis- 
able to reuse rubber tubing. Rubber tubing must be left wet 
when preparing for sterilization by autoclaving. 

Product Preparation 

The basic principles employed in the compounding of the 
product do not vary from those used routinely by qualified 
pharmacists. However, selected aspects will be mentioned 
for emphasis. 

A master formula would have been developed and on file 
Each batch formula sheet should be prepared from the master 
and confirmed for accuracy. All measurements of quantities 




Fig 17. Large stainless-steel tanks for product preparation showing 
mezzanine access level (courtesy, Abbott). 
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should be made as accurately as possible and checked .by a 
second qualified person. Frequently, today, the formula 
documents are generated by- a~computer and the measure- 
ments of quantities of ingredients computer controlled. Al- 
though most liquid preparations are dispensed by volume, 
they are prepared by weight, since weighings can be per- 
formed more accurately than volume measurements and no 
consideration needs to be given to the temperature. 

Care must be taken that equipment is not wet enough to 
significantly dilute the product or, in the case of anhydrous 
products, to cause a physical incompatibility. The order of 
mixing of ingredients may affect the product significantly, 
particularly those of large volume where attaining homogene- 
ity requires considerable mixing time. For example, the ad- 
justment of pH by the addition of an acid, even though diluted, 
may cause excessive local reduction in the pH of the product 
so that adverse effects are produced before the acid can be 
dispersed throughout the entire volume of product. 

Parenteral dispersions, including colloids, emulsions and 
suspensions, provide particular problems. Parenteral emul- 
sions have been reviewed by Singh and Ravin.-- In addition 
to the problems of achieving and maintaining proper reduc- 
tion in particle size under aseptic conditions, the dispersion 
must be kept in a uniform state of suspension throughout the 
preparative, transfer and subdividing operations. 

The formulation of a stable product is of paramount 
importance. Certain aspects of this have been mentioned in 
the discussion of components of the product. Exhaustive 
coverage of the topic is not possible within the limits of this 
text, but further coverage is provided in Chapter 83. It should 
be mentioned here, however, the thermal sterilization of par- 
enteral products increases the possibility of chemical 
reactions. Such reactions may progress to completion dur- 
ing the period of elevated temperature in the autoclave, or be 
initiated at this time but continue during subsequent storage. 
The assurance of attaining product stability requires a high 
order of pharmaceutical knowledge and responsibility. 

Filtration 

After a product has been compounded, it must be filtered if 
it is a solution. The primary objective of filtration is to clarify 
a solution. A high degree of clarification is termed "polish- 
ing" a solution. This term is used when particulate matter 
down to approximately 2 u,m in size is removed. A further 
step, removing particulate matter down to 0.2 u.m in size, 
would eliminate microorganisms and would accomplish "cold" 
sterilization. A solution having a high degree of clarity con- 
veys the impression of high quality and purity, desirable char- 
acteristics for a parenteral solution. 

Filters are thought to function by one or, usually, a combina- 
tion of the following: (1) sieving or screening, (2) entrap- 
ment or impaction and (3) electrostatic attraction. When a 
filter retains particles by sieving, they are retained on the 
surface of the filter. Entrapment occurs when a particle, 
smaller than the dimensions of the passageway (pore), be- 
comes lodged in a turn or impacted on the surface of the 
passageway. Electrostatic attraction causes particles oppo- 
site in charge to that of the surface of the filter pore to be held 
or adsorbed to the surface. It should be noted that increas- 
ing, prolonging or varying the force behind the solution may 
tend to sweep particles initially held by entrapment or electro- 
static charge through the pores and into the filtrate. 

Membrane filters are used for parenteral solutions because 
of their particle-retention effectiveness, nonshedding prop- 
erty, nonreactivLty and disposable characteristics. However, 
it should be noted that nonreactivity does not apply in all 
cases. For example, polypeptide products may show consid- 
erable adsorption through some membrane filters, but those 
composed of polysulfone and polyvinylidine difluoride have 
been developed to be essentially nonadsorptive for these 
products. The most common membranes are composed of 

Cellulose ester (Suppliers: Gelman. Miliipore, Svrttrrius, Sc/Uei- 
rhcrSriU). 



Nylon (Supplier: Pall). 
Polysulfone (Supplier: Gelmcm). 
Polycarbonate (Supplier: Nuclepnre). 
Polyvinylidene difluoride (Supplier: Miliipore). 
PolytetrafluoroeUiylene (Teflon) (Supplier: Miliipore). 

They are available as flat membranes or pleated into cylinders 
to increase surface area and, thus, flow rate. Each filter in its 
holder should be tested for integrity before and after use, 
particularly if it is being used to eliminate microorganisms. 
This integrity test usually is performed as the bubble-point 
test, atestto detect the largest pore, or other opening, through 
the membrane. The basic test is performed by gradually 
raising air pressure on the upstream side of a water- wet filter. 
The pressure at which bubbles first appear downstream is the 
bubble point. This pressure is characteristic for each pore 
size of a filter and is provided by the filter manufacturer. For 
example, a 0.2 urn cellulose ester filter will bubble at about 50 
psig. If the filter is wetted with other liquids, such as a 
product, the bubble point will differ and must be determined 
experimentally. If the bubble point is lower than the rated 
pressure, the filter is defective, probably due to a puncture or 
tear, and should not be used. As the surface area of filters 
becomes large, diffusion of air through the water-filled pores 
tends to obscure the bubble point. Therefore, a diffusion, or 
pressure hold, test has been developed as an integrity test for 
filters with large surface areas. Particulars are obtainable 
from the filter manufacturer. 

While membrane filters are disposable, and thus discarded 
after use, the holders must be cleaned thoroughly between 
uses. Today, clean, sterile, pretested, disposable assemblies 
for small as well as large volumes of solutions are available 
commercially. Other characteristics of these filters, impor- 
tantforaful] understanding of their use, are given in Chapter 
84 and in a review article. 21 

Filling 

During the filling of containers with a product, the most 
stringent requirements must be exercised to prevent contami- 
nation, particularly if the product has been sterilized by filtra- 
tion and will not be sterilized in the final container. Under 
the latter conditions the process usually is called an "aseptic 
fill" and is validated with media fills (see page 1 537). Dur- 
ing the filling operation, the product must be transferred from 
a bulk container and subdivided into dose containers. This 
operation exposes the sterile product to the environment, 
equipment and manipulative technique of the operator until it 
can be sealed in the dose container. Therefore, this opera- 
tion is carried out with a minimum exposure time in the 
aseptic filling area where maximum protection is provided. 
Additional protection may be provided by filling under a blan- 
ket of HEPA-filtered laminar-flow air within the aseptic area. 

Normally, the compounded product is In the form of either a 
liquid or a solid. A liquid is more readily subdivided uni- 
formly and introduced into a container having a narrow mouth 
than is a solid. Mobile, nonsticking liquids are considerably 
easier to transfer and subdivide than viscous, sticky liquids, 
which require heavy-duty machinery for rapid production fill- 
ing. 

Although many devices are available for filling containers 
with liquids, certain characteristics are fundamental to them 
all. A means is provided for repetitively forcing a measured 
volume of the liquid through the orifice of a delivery tube 
which is introduced into the container . The size of the deliv- 
ery tube will vary from that of about a 20-gauge hypodermic 
needle to a tube l /, in. or more in diameter. The size required 
is determined by the physical characteristics of the liquid, the 
desired delivery speed and the inside diameter of the neck of 
the container. The tube must enter the neck and deliver the 
liquid well into the neck to eliminate spillage, allowing suffi- 
cient clearance to permit air to leave the container as the 
liquid enters. The delivery tube should be as large in diam- 
eter as possible in order to reduce the resistance to the flow of 
the liquid. For smaller volumes of liquids, the delivery usu- 
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ally is obtained from the stroke of the plunger of a syringe, 
forcing the liquid through a two-way valve providing for alter- 
nate filling of the syringe and delivery of mobile liquids. A 
sliding piston valve would be used for heavy, viscous liquids. 
Other mechanisms include the turn of an auger in the neck of a 
funnel or the oscillation of a rubber diaphragm. For large 
volumes the quantity delivered usually is measured in the 
container by the level of fill inthe container, the force required 
to transfer "the liquid being provided by gravity, a pressure 
pump or a vacuum pump. 

The narrow neck of an ampul limits the clearance possible 
between the delivery tube and the inside of the neck. Since a 
drop of liquid normally hangs at the tip of the delivery tube 
after a delivery, the neck of an ampul will be wet as the delivery 
tube is withdrawn, unless the drop is retracted. Therefore, 
filling machines should have a mechanism by which this drop 
can be drawn back into the lumen of the tube. 

Since the liquid will be in intimate contact with the parts of 
the machine through which it flows, these must be constructed 
of nonreactive materials such as borosilicate glass or stainless 
steel, in addition, they should easily be demountable for 
cleaning and sterilization. 

Because of the concern for particulate matter in injectable 
preparations, a final filter often is inserted in the system be- 
tween the filler and the delivery tube, as shown in Fig 18. 
Most frequently this is a membrane filter, having a porosity of 
approximately 1 y.m and treated to have a hydrophobic edge. 
This is necessary' to reduce the risk of rupture of the mem- 
brane due to filling pulsations. It should be noted that the 
insertion of the filter at this point should collect all particulate 
matter generated during the process. Only that which may 
be found in inadequately cleaned containers or picked up 
from exposure to the environment after passage through the 
final filter potentially remain as contaminants. However, the 
filter does cushion liquid flow and reduces the efficiency of 
drop retraction from the end of the delivery tube, sometimes 
making it difficult to control delivery volume as precisely as 
would be possible without the filter. 

Liquids — The filling of a small number of containers may 
be accomplished with a hypodermic syringe and needle, the 
liquid being drawn into the syringe and forced through the 
needle into the container. A device for providing greater 
speed of filling is the Cornwall Pipet (Becum Dickinson). 
This has a two-way valve between the syringe and the needle 
and a means for setting the stroke of the syringe so that the 
same volume will be delivered each time. Clean, sterile, 
disposable assemblies (Suppliers: Burron, Pharmaseal) op- 




Fig 18. Filling machine employing a piston valve and a 
steel syringe (courtesy, Cozzoli). 



erating on the same principle have particular usefulness in 
hospital pharmacy operations. 

Mechanically operated instruments substitute a motor for 
the operator's hand in the previous devices described. 
Thereby, a much faster filling rate can be achieved. By care- 
ful engineering, the stroke of the syringe can be repeated 
precisely, and so, once a particular setting has been calibrated 
to the delivery, high delivery precision is possible . However, 
the speed of delivery, the expansion of the rubber tubing 
connecting the valve with the delivery tube and the rapidity of 
action of the valves can affect the precision of delivery- A 
filling machine employing a piston valve is shown in Fig 18. 
Stainless-steel syringes are required with viscous liquids be- 
cause glass syringes are not strong enough to withstand the 
high pressures developed during delivery. 

When high-speed filling rates are desired but accuracy and 
precision must be maintained, multiple filling units often are 
joined together in an electronically coordinated machine, such 
as shown in Fig 1 9. When the product is sensitive to metals, 
a peristaltic-pump filler may be used because the product 
comes in contact only with silicone rubber tubing. However, 
there is some sacrifice of filling accuracy. 

Most high-speed fillers for large-volume solutions use the 
bottle as the measuring device, transf erring the liquid either 
by vacuum or positive pressure from the bulk reservoir to the 
individual unit containers. Therefore, a high accuracy of fill 
is not achievable. 

To insure delivery of the labeled volume to the patient, the 
USP provides a table of suggested fill volumes to include a 
slight excess over labeled volume. 

Solids — Sterile solids, such as antibiotics, aie more diffi- 
cult to subdivide evenly into containers than are liquids. The 
rate of flow of solid material is slow and irregular. Even 
though a container with a larger diameter opening is used to 
facilitate filling, it is difficult to introduce the solid particles, 
and the risk of spillage is ever-present. The accuracy of the 
quantity delivered cannot be controlled as well as with liquids. 
Because of these factors, the tolerances permitted for the 
content of such containers must be relatively large. 
Suggested tolerances can be found in the USP. 

Some sterile solids are subdivided into containers by indi- 
vidual weighing. A scoop usually is provided to aid in ap- 
proximating the quantity required, but the quantity filled into 
the container finally is weighed on a balance. This is a slow- 
process. When the solid is obtainable in a granular form so 
that it will flow more freely, other methods of filling may be 
employed. In general, these involve the measurement and 
delivery of a volume of the granular material which has been 
calibrated in terms of the weight desired. In the machine 
shown in Fig 20 an adjustable cavity in the rim of a wheel is 




Fig 19. Four-pump liquid filler, with a conveyor line for vials pro- 
tected by a vertical laminar airflow and plastic curtain; note the auto- 
matic stoppering machine on the right within the curtain (courtesy, 
Abbott). 
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Fig 20. Accofil vacuum powder filler (courtesy, Perry). 



filled by vacuum and the contents held by vacuum until the 
cavity is inverted over the container. The solid material then 
is discharged into the container by the use of sterile air. 
Another machine employs an auger in the stem of a funnel at 
the bottom of a hopper. The granular material is placed in 
the hopper. By controlling the size of the auger and its 
rotation, a regulated volume of granular material can be deliv- 
ered from the funnel stem into the container. Such a ma- 
chine is shown in Fig 2 1 . 




Sealing 

Ampuls — Filled containers should be sealed as soon as 
possible to prevent the contents from being contaminated by 
the environment. Ampuls are sealed by melting a portion of 
the glass neck. Two types of seals are employed normally: 
tip-seals (bead-seals) or pull-seals. 

Tip-seals are made by melting enough glass at the tip of the 
neck of an ampul to form a bead and close the opening. 
These can be made rapidly in a high-temperature gas-oxygen 
flame. To produce a uniform bead, the ampul neck must be 
heated evenly on all sides. This may be accomplished by 
means of burners on opposite sides of stationary ampuls or by 
rotating the ampul in a single flame. Care must be taken to 
properly aajust the flame temperature and the interval of 
heating to obtain complete closing of the opening with a bead 
of glass. Excessive heating will result in the expansion of the 
gases within the ampul against the soft bead seal and cause a 
bubble to form. If it bursts, the ampul is no longer sealed; if it 
does not, the wall of the bubble will be thin and fragile. 
Insufficient heating will leave an open capillary through the center 
of the bead An incompletely sealed ampul is called a "leaker." 

Pull-seals are made by heating the neck of the ampul below 
the Up, leaving enough of the tip for grasping with forceps or 
other mechanical devices. The ampul is rotated in the flame 
from a single burner. When the glass has softened, the tip is 
grasped firmly and pulled quickly away from the body of the 
ampul, which continues to rotate. The small capillary tube 
thus formed is twisted closed. Pull-sealing is slower, but the 
seals are more sure than tip-sealing. Fig 22 shows a machine 
combining the steps of filling and pull-sealing ampuls. 

Powder ampuls or other types having a wide opening must 
be sealed by pull-sealing. Were these sealed by tip-sealing, 
the very large bead produced would induce glass strain with 
subsequent fracture at the juncture of the bead and neck wall. 
Fracture of the neck of ampuls during sealing also may occur 
if wetting of the necks occurred at the time of filling. Also 
wet necks increase the frequency of bubble formation. If the 
product in the ampul is organic in nature, wet necks also will 
result in unsightly carbon deposits from the heat of sealing. 

In order to prevent decomposition of a product, it is some- 
times necessary to displace the air in the space above the 
product in the ampul with an inert gas. This is done by 
introducing a stream of the gas : such as nitrogen or carbon 
dioxide, during or after filling with the product. Immediately 
thereafter the ampul is sealed before the gas can diffuse to the 
outside. This process should be validated to ensure ad- 
equate displacement of air by the gas in each container. 

Vials and Bottles — These are sealed bv closing the open- 
ing with a rubber closure (stopper). This must be accom- 
plished as rapidly as possible after filling and with reasoned 
care to prevent contamination of the contents. The large 
opening makes the introduction of contamination much easier 
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than with ampuls. Therefore, a covering should be provided 
for such containers except for the minimal time required for 
filling and for the actual introduction of the rubber closure. 
During the latter critical time the open containers should be 
protected from the ingress of contamination, preferably with a 
blanket of HEPA-filtered laminar airflow, as shown in Figs 1 0 
and 19. 

The closure must fit the mouth of the container snugly 
enough so that its elasticity will permit adjustment to slight 
irregularities in the lip and neck of the container. However, 
it must not fit so snugly that it is difficult to introduce into the 
neck of the container. Closures preferably are inserted me- 
chanically using an automated process, especially with high- 
speed processing. To reduce friction so that the closure may 
slide more easily through a shute and into the container open- 
ing, the closure surfaces often are halogenated or treated with 
silicone. When the closure is positioned at the insertion site, 
it is mechanically pushed into the container opening (see Fig 
23). When small lots are encountered, manual stoppering 
with forceps may be used, but such a process poses greater 
risk of introducing contamination than automated processes. 

Rubber closures are held in place by means of aluminum 
caps. The caps cover the closure and are crimped under the 
lip of the vial or bottle to hold them in place (see Fig 5). The 
closure cannot be removed without destroying the aluminum 
cap; it is tamperproof. Therefore, an intact aluminum cap is 
proof that the closure has not been removed intentionally or 
unintentionally. Such confirmation is necessary to assure 
the integrity of the contents as to sterility and other aspects of 
quality. 

The aluminum caps are so designed that the outer layer of 
double-layered caps, or the center of single-layered caps, can 
be removed to expose the center of the rubber closure without 
disturbing the band which holds the closure in the container. 
Rubber closures for use with intravenous administration sets 
often have a permanent hole through the closure. In such 
cases, a thin rubber disk overlayed with a solid aluminum disk 
is placed between an inner and outer aluminum cap, thereby 




Fig 23. Mechanical device for inserting rubber closures in vials 
(courtesy. Perry). 
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providing a seal of the hole through the closure. These are 
called triple-layered aluminum caps. 

Single-layered aluminum caps may be applied by means of a 
hand crimper known as the Fermpress (Suppliers: We$l t 
Wkeaton). Double- or triple-layered caps require greater 
force for crimping; therefore, heavy-duty mechanical crimp- 
ers (see Fig 24) are required (Suppliers: Bosch, Cozzoli, 
Perry, West, W)ieatori). 

Sterilization 

Whenever possible, the parenteral product should be steril- 
ized after being sealed in its final container (terminal steriliza- 
tion) and within as short a time as possible after the filling and 
sealing have been completed. Since this usually involves a 
thermal process, due consideration must be given to the effect 
of the elevated temperature upon the stability of the product. 
Many products, both pharmaceutical and biological, will be 
affected adversely by the elevated temperatures required for 
thermal sterilization. Heat-labile products must, therefore, 
be sterilized by a nonthermal method, usually by filtration 
through bacteria-retaining filters. Subsequently, all opera- 
tions must be carried out in an aseptic manner so that contami- 
nation will not be introduced into the filtrate. Colloids, ole- 
aginous solutions, suspensions and emulsions that are 
thermolabile may require a process in which each component 
is sterilized separately and the product is formulated and 
processed under aseptic conditions. 

The performance of an aseptic process is difficult and it has 
been accepted that currently, under the best controlled condi- 
tions, a sterility assurance level (SAL) of 1 0" 3 is the maximum 
achievable. On the other hand, technical advances in aseptic 
processing, including improved automation, use of barrier 
systems, formulations to include antimicrobial effects and 
combinations of limited sterilization with aseptic processing, 
have improved the sterility- assurance levels achievable. 
Therefore, the successes realized should encourage contin- 
ued efforts to improve the SAL achievable with aseptic 
processing. The importance of this is that for many drug 
solutions aseptic processing is the only method that can be 
considered for preparing a sterile product. 

Nonthermal methods of sterilization, such as irradiation, 
have been proposed for consideration. However, since there 
is limited understanding of the molecular transformations that 
may occur in drug molecules and excipients under exposure 
to the high-energy levels of the process, extensive research 
will be required to develop the knowledge needed for an 
adequate evaluation. 

Dry-heat sterilization may be employed for a few dry solids 
that are not affected adversely by the high temperatures and 




Fig 24. Applying aluminum caps to vials at the end of the process 
line (courtesy, Abbott). 
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for the relatively long heating period required. This method 
is applied most effectively to the sterilization of glassware and 
metalware. After sterilization, the equipment will be sterile, 
dry and, if the sterilization period is long enough, pyrogen-free. 

Saturated steam under pressure (autoclaving) is the most 
commonly used and the most effective method for the steriliza- 
tion of aqueous liquids or substances that can be reached or 
penetrated by steam. An SAL of 10"° is readily achievable 
with terminal autoclaving of a thermally stable product. This 
is a 1000-fold improvement over the currently accepted level 
for aseptic processing. However, it needs to be noted that 
for terminal sterilization, as with autoclaving, the SAL is based 
upon an evaluation of the lethality of the process, ie, of the 
probable number of viable microorganisms remaining in prod- 
uct units. However, for aseptic processing, the components 
used have been sterilized by a validated process and the SAL is 
based upon an evaluation of the probable number of product 
units that have been contaminated during the process. This 
difference does not alter the outcome but only the basis for 
evaluating the probable SAL. 

Figure 25 shows liter containers of solution being loaded 
into an autoclave for sterilization. Since the temperature 
employed in an autoclave is lower than that for dry-heat steril- 
ization, equipment made of materials such as rubber and 
polypropylene may be sterilized if the time and temperature 
are controlled carefully. As mentioned previously, some in- 
jections will be affected adversely by the elevated temperature 
required for autoclaving. For some products, such as Dex- 
trose Injection, the use of an autoclave designed to permit a 
rapid rise to sterilizing temperature and rapid cooling with 
water spray after the sterilizing hold-period will make it pos- 
sible to use this method. It is ineffective in anhydrous condi- 
tions, such as within a sealed ampul containing a dry solid or 
an anhydrous oil. Other products that will not withstand 
autoclaving temperatures may withstand marginal thermal 
methods such as t^dallization or inspissation. These meth- 
ods may be rendered more effective for some injections by the 
inclusion of a bacteriostatic agent in the product. 

It should be obvious that all materials subjected to steriliza- 
tion must be protected from subsequent contamination to 
maintain their sterile state. Therefore, they must be wrapped 
or covered so that microorganisms may not gain access when 
removed from the autoclave. Equipment and supplies are 
wrapped most frequently with paper and tied or sealed with 
special autoclave tape. The wrapping must permit penetra- 
tion of steam during autoclaving but screen out microorgan- 
isms when dry. A double wrapping with lint-free parchment 
paper designed for such use is probably best. Synthetic fiber 




Fig 25. Large autoclave being loaded with liter bottles of parenteral 
solutions (courtesy, Abbott). 



cloth such as nylon or Dacron also may be used for the inner 
wrapping. The openings of equipment subjected to dry-heat 
sterilization are often covered with silver-aluminum foil or 
with metal or glass covers. Cellulose wrapping materials are 
affected adversely by the high temperatures of dry-heat steril- 
ization. 

The effectiveness of any sterilization technique must be 
proved (validated) before it is employed. Since the goal of 
sterilization is to kill microorganisms, the ideal indicator to 
prove the effectiveness of the process is a resistant form of an 
appropriate microorganism, normally resistant spores (a bio- 
logical indicator or BI). Therefore, during validation of a 
sterilization process, Bis of known resistance are used and 
numbers in association with physical-parameter indicators, 
such as recording thermocouples. Once the lethality of the 
process is established in association with the physical measure- 
ments, the physical measurements can be used for subsequent 
monitoring of in-use processes without the Bis. Eliminating 
the use of BLs in direct association with human-use products is 
appropriate because of the ever-present risk of an undetected, 
inadvertent contamination of a product or the environment. 

The commercial suppliers of Bis have improved the resis- 
tance evaluation and lot-to-lot reliability of their products so 
that the information provided with each lot of Bis is generally 
reliable and useful in validation procedures. 

In addition to the data printout from thermocouples, some- 
times other physical indicators are used, such as color-change 
and melting indicators, to give visual indication that a package 
or truckload has been subjected to a sterilization process. 
Such evidence can become a part of the batch record to 
confirm that sterilization was accomplished. 

Further details concerning methods of sterilization and their 
application will be found in Chapter S4 . In addition, the USP 
provides suggestions concerning the sterilization of injections 
and related materials. 

Freeze-Drying 

FYeeze-drying ayophilization) is a process of drying in which 
water is sublimed from the product after it is frozen. 24 The 
particular advantages of this process are that biologicals and 
pharmaceuticals which are relatively unstable in aqueous solu- 
tion can be processed and filled into dosage containers in the 
liquid state, taking advantage of the relative ease of process- 
ing a liquid. They can be dried without elevated tempera- 
tures, thereby eliminating adverse thermal effects, and stored 
m the dry state in which there are relatively few stability 
problems. 

Further advantages are that these products are often more 
soluble and/or more rapidly soluble, dispersions are stabi- 
lized throughout their shelf life and products subject to degra- 
dation by oxidation have enhanced stability because the pro- 
cess is carried out in a vacuum. 

However, the increased time and handling required for pro- 
cessing and the cost of the equipment limit the use of this 
process to those products which significantly have enhanced 
stability if stored in the dry state. 

The fact that ice will sublime at pressures below 3 ton has 
been a long-established laboratory principle (see Chapter 1 9) 
The extensive program for freeze-drying human plasma dur- 
ing World War U provided the impetus for the rapid develop- 
ment of the process. 

r>eeze-drying essentially consists of 

1 . Freezing an aqueous product at a temperature below its eulecilc 
temperature. 

2. Evacuating the chamber, usually below 0. 1 ton (1 00 u.m H g) 

3. Subliming ice on a cold condensing surface at a temperature below 
mat of the product, the condensing surface being within the chamber or in 
a connecting chamber. 

4 . Introducing heat to the product under controlled conditions, therebv 
providing energy for sublimation at a rate designed to keep the product 
temperature below its eutectk- temperature. 

Figure 26 shows such a system. The product may be fro- 
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Fig 26. Essential components of a freeze-drying system. 



zen on the shelf in the chamber by circulating refrigerant 
(usually Freon t ammonia or ethylene glycol) from the compres- 
sor through pipes within the shelf. After freezing is com- 
plete, which may require several hours, the chamber and 
condenser are evacuated by the vacuum pump, the condenser 
surface having been chilled previously by circulating refriger- 
ant from the large compressor. 

Heat then Is introduced from the shelf to the product by 
electric resistance coils or by circulating hot water, silicone or 
glycol. The process continues until the product is dry (usu- 
ally 1% or less moisture), leaving a sponge-like matrix of the 
solids originally present in the product, the input of heat being 
controlled so as not to degrade the product. 

For most pharmaceuticals and biologicals the liquid prod- 
uct is sterilized by filtration and then filled into the dosage 
container aseptically. The containers must remain open dur- 
ing the drying process to allow water vapor to escape; there- 
fore, they must be protected from contamination during trans- 
fer from the filling area to the freeze-drying chamber, while in 
the freeze-drying chamber and at the end of the drying process 
until sealed. 

The chambers may be equipped with hydraulic or rubber 
diaphragm internal-stoppering devices designed to push slot- 
ted rubber closures into the vials to be sealed while the cham- 
ber is still evacuated, the closures having been partially in- 
serted immediately after filling so that the slots were open to 
the outside. 

If internal stoppering is not available or containers such as 
ampuls are used, filtered dry air or nitrogen must be intro- 
duced to the chamber at the end of the process to establish 
atmospheric pressure. Then the containers must be re- 
moved and sealed under aseptic conditions . If the product is 
very sensitive to moisture, the environmental humidity also 
must be controlled until it is sealed. 

Factors AfTecting the Process Rate — The greater the 
depth of the product in the container, the longer will be the 
drying process. Therefore, a product to be frozen by placing 
the container on a refrigerated shelf (plug freezing) should be 
filled to a planned, limited depth. If a large volume of solu- 
tion must be processed, the surface area may be increased and 
the depth decreased by freezing the solution on a slant or 
while rotating the container on an angle (shell freezing) in a 
liquid refrigerant bath, such as dry ice and alcohol. 



The actual driving force for the process is the vapor pres- 
sure differential between the vapor at the surface where drying 
of the product is occurring (the drying boundary) and that at 
the surface of the ice on the condenser. The latter is deter- 
mined by the temperature of the condenser as modified by the 
insulating effect of the accumulated ice. The former is deter- 
mined by a number of factors, including: 

1. The rate of heat conduction through the container and the frozen 
material, both usually relatively poor thermal conductors, to the drying 
boundary while maintaining all of the product below its eutectic tempera- 
ture. 

2. The impeding effect of the increasing depth of dried, porous prod- 
uct above the drying boundary. 

3. The temperature and heat capacity of the shelf itself. 

This may be visualized by referring to Fig 26. 

The passageways between the product surface and the con- 
denser surface must be wide open and direct for effective 
operation. Therefore, the condensing surfaces in large 
freeze- driers are usually in the same chamber as the product. 
Evacuation of the system is necessary to reduce the impeding 
effect that collisions with air molecules would have on the 
passage of water molecules. However, the residual pressure 
in the system must be greater than the vapor pressure of the 
ice on the condenser or the ice will be vaporized and pulled 
into the pump, an event detrimental to most pumps. 

The amount of solids in the product, their particle size and 
their thermal conductance will affect the rate of drying. The 
more solids present, the more impediment will be provided to 
the escape of the water vapor. The smaller the particle size, 
particularly the crystal size of the ice, the faster the drying 
generally will be . The poorer the thermal conducting proper- 
ties of the solids in the product the slower will be the rate of 
heat transfer through the frozen material to the drying bound- 
ary. 

The rate of drying is essentially slow, most often requiring 
24 hours or longer for completion. The actual time required, 
the rate of heat input and the product temperatures that may 
be used must be determined for each product and then repro- 
duced carefully with successive processes. 

Factors Affecting Formulation — The active constituent 
of many pharmaceutical products is present in such a small 
quantity that if freeze-dried alone its presence would be hard 
to detect visually. Therefore, excipients often are added to 
increase the amount of solids. 

Some consider it ideal for the dried-product plug to occupy 
essentially the same volume as that of the original solution. 
To achieve this, the solids content of the original product must 
be between approximately 5 and 25%. Among the sub- 
stances found most useful for this purpose, usually as a combi- 
nation, are sodium or potassium phosphates, citric acid, tar- 
taric acid, gelatin and carbohydrates such as dextrose, 
mannitol and dextran. 

Each of these substances contributes appearance character- 
istics of the plug, such as whether dull and spongy or sparkling 
and crystalline, firm or friable, expanded or shrunken and 
uniform or striated . Therefore , the formulation of a product 
to be freeze-dried must include consideration not only of the 
nature and stability characteristics required during the liquid 
state, both freshly prepared and when reconstituted before 
use, but the characteristics desired in the dried plug. 

Modifications in the Process and Equipment — In some 
instances a product may be frozen in a bulk container or in 
trays rather than in the final container and then handled as a 
dry solid. This may be desirable when large volumes of a 
product are processed, but the risk of contamination from the ' 
environment is high. 

When large quantities of material are processed it may be 
desirable to use ejection pumps in the equipment system. 
These draw the vapor into the pump and eject it to the outside, 
thereby eliminating the need for a condensing surface. Such 
pumps are expensive and usually practical only in large instal- 
lations. 
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Fig 27. Aseptic loading of freeze-drier (courtesy, Upjohn), 



Available freeze-driers (Suppliers: Edwards, Finn-Aqua, 
ETS, Hull, NRC, Stokes, Virtis) range in size from small 
laboratory units to large industrial models such as the one 
shown in Fig 27. Their selection requires consideration of 
such factors as 

The tray area required. 

The volume of water to be removed. 

Whether or not aseptic processing will be involved. 

Is internal stoppering required? 

Will separate freezers be used for initial freezing of the product 
The degree of automatic operation desired. 

Other factors involved in the selection and use of equipment 
are considered in the literature." 5 

Freeze-drying is now being used for research in the preser- 
vation of human tissue and is finding increasing application in 
the food industry. Progress on new developments is being 
made in both the process and the equipment. 26 



Quality Assurance and Control 



The importance of undertaking every possible means to 
assure the quality of the finished product cannot be 
overemphasized. Every component and step of the manufac- 
turing process must be subjected to intense scrutiny to be 
confident that quality is attained in the finished product. The 
responsibility for achieving this quality is divided appropri- 
ately in concept and practice into Quality Assurance (QA) and 
Quality Control (QC). QA relates to the studies made and the 
plans developed for assuring quality of a product 
prospectively. QC embodies the carrying out of these plans 
during production and includes all of the tests and evaluations 
performed to be sure that quality has been achieved in a 
specific lot of product. 

The principles for achieving quality are basically the same 
for the manufacture of any pharmaceutical. These are dis- 
cussed in Chapter 39. During the discussion of the prepara- 
tion of injections, mention was made of numerous quality 
requirements for components and manufacturing processes. 
Here, only selected tests characteristically required before a 
finished product is released will be discussed briefly, including 
sterility , pyrogen and particulate tests. 

Sterility Test 

All lots of injections in their final containers must be tested 
for sterility. The USP prescribes the requirements for this 
test for official injections. The FDA uses these requirements 
as a guide for testing unofficial sterile products. The official 
test has acknowledged limitations in the information that it 
can provide, particularly those limitations inherent in micro- 
biological procedures. Therefore, it should be noted that 
this test is not intended as a thoroughly evaluative test for a 
product subjected to a sterilization method of unknown 
effectiveness. It is intended primarily as a check test on the 
probability that a previously validated'sterilization procedure 
has been repeated, or to give assurance of its continued 
effectiveness. A discussion of sterility testing is given in 
Chapter 84. 

In the event of a sterility-test failure, the immediate issue 
concerns whether the growth observed came from viable mi- 
croorganisms in the product (true contamination) or from 
adventitious contamination during the testing (a false positive) . 
The USP does permit a retest but the position of the FDA is 
that retest results are only valid if persuasive evidence exists 
that the cause of the initial sterility-test failure resides in the 
laboratory. Therefore, a thorough investigation must be 



launched to support the justification for performing the retest 
and assessing the validity of the retest results relative to 
release of the lot of product. 

It should be noted that a "lot" with respect to sterility 
testing is that group of product containers which has been 
subjected to the same sterilization procedure. For contain- 
ers of a product which have been sterilized by autoclaving, for 
example, a lot would constitute those processed in a particu- 
lar sterilizer cycle. For an aseptic filling operation, a lot 
would constitute all of those product containers filled during a 
period when there was no change in the filling assembly or 
equipment and which is no longer than one working day or 
shift. 

Pyrogen Test 

The USP evaluates the presence of pyrogens in parenteral 
preparations by a qualitative fever response test in rabbits , the 
Pyrogen Test (Section ( 1 5 1 )) , and by the Bacterial En dotoxins 
Test (Section (85)). These two USP tests are described in 
Chapter 30. Rabbits are used as test animals in Section (151) 
because they show a physiological response to pyrogenic 
substances similar to that by man. While a minimum pyro- 
genic dose (MPD), the amount just sufficient to cause a posi- 
tive USP Pyrogen Test response, sometimes may produce 
uncertain test results, a content equal to a few times the MPD 
will leave no uncertainty. Therefore, the test is valid and has 
continued in use since introduced by Seibert in 1923. It 
should be understood that not all injections may be subjected 
to the rabbit test since the medicinal agent may have a physi- 
ological effect on the test animal such that any fever response 
would be masked. 

The Bacterial Endotoxins Test is an in vitro test based on 
the formation of a gel or the development of color in the 
presence of bacterial endotoxins and the lysate of the amebo- 
cytes of the horseshoe crab (Limulns polyphernus). The 
Limulus Amebocyte Lysate (LAL) test, as it also is called, is a 
biochemical test performed in a test tube, and is simpler, more 
rapid and of greater sensitivity than the rabbit test.- 7 
Although it detects only the endotoxic pyrogens of gram- 
negative bacteria, these are the most prominent environmen- 
tal microbial contaminants likely to invade sterile products. 
The test also has been automated.'- 8 

The LAL test is a semiquantitative test. To provide stan- 
dardization for the test, the USP has established a reference 
endotoxin against which lots of the lysate are standardized. 
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Thus, the sensitivity of the Lysate is given in terms of endo- 
toxin units (EU). Most USP* injections now have been given 
limits in terms of EUs (eg, Bacteriostatic Sodium Chloride 
Injection, 1.0 EU/mL) as another measure of the purity of the 
product. 

Particulate Evaluation 

Particulate matter in parenteral solutions long has been 
recognized as unacceptable since the user could be expected 
to conclude that the presence of visible "dirt" would suggest 
that the product is of inferior quality. Today, it is recognized 
that the presence of particles in solution, particularly if in- 
jected intravenously, can be harmful. While data defining 
the extent of risk and the effects produced still are limited, it 
has been shown that particles of lint, rubber, insoluble chemi- 
cals and other foreign matter can produce emboli in the vital 
organs of animals and man. 2!1 Further, it has been shown 
that the development of infusion-phlebitis may be related to 
the presence of particulate matter in intravenous fluids. 30 

The particle size of particular concern has not been clearly 
delineated, but it has been suggested that since erythrocytes 
have a diameter of approximately 4.5 y-nv particles of more 
than 5 p,m should be the basis for evaluation. This is a 
considerably smaller particle than can be seen with the un- 
aided eye; approximately 50 u,m is the lower limit unless the 
Tyndall effect is used whereby particles as small as 10 u.m can 
be seen by the light scattered from them. 

The USP specifies that good manufacturing practice re- 
quires that each final container of an injection be subjected 
individually to a visual inspection and that containers in which 
visible particles can be seen should be discarded. This 1 00% 
inspection of a lot of product is designed to prevent the 
distribution and use of parenterals which contain particulate 
matter that may be harmful psychologically or organically to 
the participant. Therefore, all of the product units from a 
production line currently are being inspected individually by 
human inspectors under a good light, baffled against, reflec- 
tion into the eye and against a black-and-white background. 
This inspection is subject to the limitation of the size of par- 
ticles that can be seen, the variation of visual acuity from 
inspector to inspector, their emotional state, eye strain, fa- 
tigue and other personal factors that will affect what is seen. 
However, it does provide a means for eliminating the few units 
which normally contain visible particles. Slow progress has 
been made on developing equipment for automated inspec- 
tion of product containers. 

Since it is recognized that visual inspection will not detect 
the presence of particles smaller than approximately 50 u,min 
size, the USP has established a microscopic test method for 
identifying panicles in large-volume intravenous solutions 
and has set limits of not more than 50 particles/mL of 1 0 p.m 
and larger in size and not more than 5 particles/mL of 25 
and larger in size. This method consists essentially of filter- 
ing a measured sample of solution through a membrane filter 
under ultraclean conditions and then counting the particles on 
the surface of the filter using oblique light, under a micro- 
scope, at both 40x and lOOx magnification. These standards 
are being met readily by the large-volume parenteral solutions 
currently being manufactured in the US. 

More recently the USP established standards for small- 
volume parenterals to be given intravenously, using an elec- 
tronic instrument that counts and measures the size of par- 
ticles by means of a shadow cast by the particle as it passes 
through a high-intensity light beam (Suppliers: Clime l, 
HIAC). The limits prescribed are not more than 10,000 par- 
ticles/container of £ 10 uxn in size and not more than 1000 
particles/container > 25 u.m in size. These specifications 
were developed on the premise that as many as five such 
products may be added to a 1-L bottle of a large-volume 
parenteral and five products should not contribute more than 
the overall limits of particles prescribed for a large-volume 



parenteral. Whether or not these standards are realistic toxi- 
cologicaily has not been established; rather, the objective of 
the compendium is to establish specification limits that would 
encourage the preparation of clean parenteral solutions, par- 
ticularly for those to be given intravenously. 

It also should be realized that administration sets and the 
techniques used in the hospital for preparing and administer- 
ing intravenous infusion fluid may introduce substantial 
amounts of particulate matter into an otherwise clean solution. 
Therefore, the pharmaceutical manufacturer, the administra- 
tion set manufacturer, the hospital pharmacist, the nurse and 
the physician must share responsibilities for making sure that 
the patient receives a clean intravenous injection. 

The USP methods for counting and sizing particulate matter 
in intravenous solutions are not the only methods available for 
such determinations. A number of electronic particle 
counters are available that use the light-scattering principle to 
count particles in a liquid sample (Suppliers: ClimeU Met 
Otm, HIAC/ Roy co). There also is an instrument available 
which counts particles and sizes them by measuring the effect 
on the resistance between two electrodes as the particles pass 
between them (Supplier: CcuUer). It is obvious that only 
the visual inspection can be used for in-line evaluation of 
every container produced commercially. All of these meth- 
ods require very stringent ultraclean preparation techniques 
to assure reasonable accuracy in counting and sizing only the 
particles in the solution, rather than those that may have been 
introduced inadvertently during the sample preparation or the 
testing procedure. Further, these test procedures are de- 
structive and, therefore, can be performed only on samples of 
the production lot. Further information may be found in a 
review article/* 1 

Leaker Test 

Ampuls that have been sealed by fusion must be subjected 
to a tost to determine whether or not a passageway remains to 
the outside; if so, all or a part of the contents may leak-to the 
outside and spoil the package, or microorganisms or other 
contaminants may enter. Changes in temperature during 
storage cause expansion and contraction of the ampul and 
contents, and will accentuate intechange if a passageway ex- 
ists, even if microscopic in size. 

This test usually is performed by producing a negative 
pressure within an incompletely sealed ampul while the ampul 
is entirely submerged in a deeply colored dye solution. Most 
often, approximately 1% methylene blue solution is employed. 
The tost may be performed by subjecting the ampuls to a 
vacuum in a vacuum chamber, the ampuls being submerged in 
a dye bath throughout the process. Another procedure fre- 
quently employed is to simply autoclave the ampuls in a dye 
bath. A modification of this is to remove them from the 
autoclave while hot and quickly submerge them in a cool bath 
of dye solution. After carefully rinsing the dye solution from 
the outside, color from the dye will be visible within a leaker. 
Leakers, of course, are discarded. 

Vials and bottles are not subjected to a leaker test because 
the scaling material (rubber stopper) is not rigid. Therefore, 
results from such a test would be meaningless. However, 
evacuated bottles containing a liquid may be checked for a 
sharp "click" sound produced when struck with an implement 
such as a rubber mallet or the ball of the hand. However, 
assurance of container-closure sealing integrity should be an 
integral part of product development by developing specifica- 
tions for the fit of the closure in the neck of the container, the 
physical characteristics of the closure, the need for lubrica- 
tion of the closure and the capping pressure. 

Safety Test 

The National Institutes of Health requires of most biological 
products routine safety testing in animals. Under the Kefau- 
ver-Ilarris Amendments to the Federal Food, Drug, and Cos- 
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metic Act, most pharmaceutical preparations are now re- 
quired to be tested for safety. Because it is entirely possible 
for a parenteral product to pass the routine sterility test, 
pyrogen test and chemical analyses and still cause unfavor- 



able reactions when injected, a safety test in animals is essen- 
tial to provide additional assurance that the product does not 
have unexpected toxic properties. Safety tests in animals 
are discussed in detail in the USP. 



Packaging and Labeling 



A full discussion of the packaging of parenteral prepara- 
tions is beyond the scope of this text. It is essential, of 
course, that the packaging should provide ample protection 
for the product against physical damage from shipping, han- 
dling and storage as well as protecting light-sensitive materi- 
als from ultraviolet radiation. An extensive review of this 
subject has been published. 32 

Packaging — The USP includes certain requirements for 
the packaging and storage of injections, as follows: 

1 . The volume of injection in single-dose containers is defined as that 
which is specified for parenteral administration at one Ume and is limited 
to a volume of 1 L. 

2. Parenterals intended for intraspinal, intra cisternal or peridural ad- 
ministration are packaged only in single-dose containers. 

3. Unless an individual monograph specifies otherwise, no multiple- 
dose container shall contain a volume of injection more than sufficient to 
permit the withdrawal and administration of 30 mL. 

4 . Injections packaged for use as Irrigation soluUons or for hemofiltra- 
tion or dialysis or for parenteral nutrition are exampi from the foregoing 
requirements relating to packaging. Containers for injections packaged 
lor use as hemofiltration or irrigation solutions may be designed to empty 
rapidly and may contain a volume in excess of 1 L. 

5. Injections intended for veterinary use are exempt from the packag- 
ing and storage requirements concerning the limitation to single-dose 
containers and lo volume of multiple-dose containers. 

Labeling — The labeling of an injection must provide the 
physician or other user with all of the informaUon needed to 
assure the safe and proper use of the therapeutic agent. 
Since all of this information cannot be placed on the immedi- 
ate container and be legible, it may be provided on accom- 
panying printed matter. General labeling requirements for 
drugs are discussed in Chapter 110. 

A restatement of the labeling definitions and requirements 
of the USP for Injections is as follows: 

The term "labeling" designates all labels and other written, printed or 
graphic matter upon an immediate container or upon, or in, any package or 
wrapper in which it is enclosed, with the exception of the outer shipping 
container. The term "label" designates that part of the labelingupon the 
immediate container. 

The label states the name of the preparation, the percentage content of 
drug of a liquid preparation, the amount of active ingredient of a dry 
preparation, the volume of liquid to be added to prepare an injection or 
suspension from a dry preparation, the route of administration, a state- 
ment of storage conditions and an expiration date. Also, the label must 
indic ate the name of the manufacturer or distributor and carry an identify- 
itig lot number. The lot number is capable of providing access to the 
complete manufacturing history of the specific package, including each 
single manufacturing step. 

The container label is so arranged that a sufficient area of the container 
remains uncovered for its full length or circumference to permit inspection 
of the contents. 

The label must state the name of the vehicle and the proportions of each 
constituent, if it is a mixture; the names and proportions of all substances 
added to increase stability or usefulness and the expiration date where 
required by the individual monograph. 

Preparations labeled for use as dialysis, hemofiltration or irrigation 
solutions must meet the requirements for Injections other than those 
relating to volume and also must bear on the label statements that they are 
not intended for intravenous injection. 

Injections intended for veterinary use are so labeled. 
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It has been estimated that 40% of all drugs administered in 
hospitals are given in the form of injections and their use is 
increasing. Part of this increase in parenteral therapy is due 
to the wider use of intravenous fluids (IV fluids). In the last 
decade the use of IV fluids has doubled, increasing from 1 50 
million units to 320 million units annually. Not only do TV 
fluids continue to serve as the means for fluid replacement, 
electrolyte-balance restoration and supplementary nutrition, 
but they also are playing major roles as vehicles for administra- 
tion of other drug substances and in total parenteral nutrition 
(TPN). Intravenous fluids are finding greater use as the means 
of administering other drugs because of convenience, the 
means of reducing the irritation potential of the drugs and the 
desirability for continuous and intermittent drug therapy. 
The techniques for providing TPN parenterally have improved 
steadily in the last decade, and such use is increasing markedly. 
The use of TV fluids for these purposes requires the compound- 
ing of specific intravenous admixtures (parenteral prescrip- 
tions) to meet the clinical needs of a given patient. However, 
the combination of drug substances in an TV fluid can promote 
parenteral incompatibilities and give rise to conditions not 
favorable for drug stability. A new area of specialization has 
been created for hospital pharmacists who can develop the 
expertise to prepare these solutions — recognizing their com- 
patibility and stability problems and the potential for contami- 
nation — and participate in the administration of the solutions. 
The complex compounding of an order for TPN requires knowl- 
edgeable personnel capable of making accurate calculations, 
compounding and having aseptic technique. The parenteral 
prescription is becoming increasingly important in hospitals. 
Centralized admixture programs are now found in 85% of the 
nation's hospitals having 300 beds or more. Equipment avail- 
able for administering IV fluids has become more sophisti- 
cated, and has made possible increased accuracy of dosage 
and led to the development of new concepts and methods of 
nutrition and drug therapy. 

Electronic mechanical equipment is now commonplace in 
hospitals. Its use, as well as its sophistication, continues to 
increase. . Newly designed electronic pumps have been devel- 
oped for hospital ambulatory use. Multichannel pumps have 
become available for multiple-drug infusion. Over 500,000 
implantable infusion ports have been inserted into patients 
and 100,000 new patients receive these implantable ports 
each year in order to accomplish drug therapy. New meth- 
ods of IV drug delivery systems have been introduced and are 
constantly evoking. The introduction of patient controlled 
• analgesia (PCA) is commonplace In hospitals. This technol- 
ogy allows the patient with pain to control the degree of 
analgesia desired. 

The growth of TPN in hospitals has been paralleled by home 
TPN programs. Large numbers of patients conduct paren- 
teral nutrition in the home environment, including those with 
infectious and neoplastic diseases. More stringent and com- 
plete guidelines for the preparation and parenterals in hospi- 
tals by pharmacists have been published. These guidelines, 
promoting sophisticated methods of preparation by the phar- 
macist, have become recommendations. They are a testa- 
ment to the importance of parenteral preparation in the insti- 
tutional setting. Packaging of parenterals in the past five 



years also has undergone dramatic changes. PrefUled, pre- 
mixed, prefrozen parenterals are now supplied by the 
manufacturers. Newly designed plastic mini-bags (ADD- 
Vantage Abbott) have been introduced. Premixed liquids 
(eg, antibiotics, theophylline, heparin, lidocaine, dopamine) 
are available from parenteral manufacturers. Multiple-dose 
containers (Maxivials, Lyphomed) have been developed to 
accommodate new methods of preparation of parenterals by 
the pharmacist. The pharmaceutical industry has responded 
to the needs of pharmacists by addressing the packaging, 
labeling and design requirements necessary to facilitate pa- 
tient care. The parenteral drug industry continuesits efforts 
to meet higher standards of quality and to assure the availabil- 
ity of sterile and particulate-free products. 

r 

Intravenous Fluids 

Large-volume ir\jections intended to be administered by 
intravenous infusion commonly are called TV fluids and are 
included in the group of sterile products referred to as large- 
volume parenterals. These consist of single-dose injections 
having a volume of 100 mL or more and containing no added 
substances. Intravenous fluids are packaged in containers 
having a capacity of 100 to 1000 mL. Minitype infusion 
containers of 250-rnL capacity are available with 50- and 
100-mL partial fills for solution of drugs when used in the 
"piggyback" technique (ie, the administration of a second 
solution through a Y-tube or gum-rubber connection in the 
administration set of the first intravenous fluid, thus avoiding 
the need for another injection site). In addition to the TV 
fluids, this group also includes irrigation solutions and solu- 
tions for dialysis. 

Intravenous fluids are sterile solutions of simple chemicals 
such as sugars, amino acids or electrolytes — materials which 
easily can be carried by the circulatory system and assimilated. 
Prepared with Water for Injection USP, the solutions are 
pyro gen-free. Because of the large volumes administered 
intravenously, the absence of particulate matter assumes a 
significant role in view of possible biological hazards resulting 
from insoluble particles. Absence of particulate matter or 
clarity of TV fluids is as important at the time of administration 
following their manipulation in the hospital as it is at the time 
of manufacture of the injection. 

Limits for particulate matter occurring in IV fluids, or large- 
volume injections used for single-dose infusion, are defined in 
the USP. This represents the first regulatory attempt to de- 
fine limits for particulate matter in parenterals. Limits also 
apply to multiple-dose injections, small-volume injections or 
injections prepared by re constitution from sterile solids. 
The USP defines particulate matter as extraneous, mobile, 
undissolved substances, other than gas bubbles, unintention- 
ally present in parenteral solutions. The total numbers of 
particles having effective linear dimensions equal to or larger 
than 10 urn and larger than 25 \x.m are counted. The IV fluid 
meets the requirement of the test if it contains not more than 
50 particles per mL which are equal to or larger than 10 u,m. 
and not more than 5 particles per mL which are equal to or 
larger than 25 p.m in linear dimension. 
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Inlravenous fluids commonly are used for a number of 
clinical conditions. These include 

Correction of disturbances in electrolyte balance. 
Correction of disturbances in body fluids (fluid replacement). 
The means of providing basic; nutrition. 
The basis for the practice of providing TPN. 
Use as vehicles for other drug substances. 

In both of the latter two cases it has become common practice 
to add other drugs to certain IV fluids to meet the clinical 
needs of the patient. Using IV fluids as vehicles offers the 
advantages of convenience, the means of reducing the irrita- 
tion potential of the drug and a method for continuous dnig 
therapy. However, the practice requires that careful consid- 
eration be given to the stability and compatibility of additives 
present in the IV fluids serving as the vehicle. This approach 
also demands strict adherence to aseptic techniques in adding 
the drugs, as well as in the administration of the IV fluids. 
These procedures are discussed later in the chapter. The IV 
fluids commonly used for parenterals are shown in Table 1. 

Many disease states result in electrolyte depletion and loss. 
Proper electrolyte concentration and balance in plasma and 
tissues are critical for proper body function. Electrolyte res- 
toration and balance are achieved most rapidly through admin- 
istration of IV fluids. Required electrolytes include sodium 
and chloride ions, which in normal saline more closely approxi- 



mate the composition of the extracellular fluid than solutions 
of any other single salt; potassium, the principal intracellular 
cation of most body tissues and essential for the functioning of 
the nervous and muscular systems as well as the heart; magne- 
sium, as a nutritional supplement especially in TPN solutions 
and phosphate ion, important in a variety of biochemical 
reactions. In addition to the number of standard electrolyte 
fluids shown in Table 1, a large number of combinations 
of electrolytes in varying concentrations are available 
commercially. Some of these electrolyte fluids also contain 
dextrose. 

Dextrose Injection 5% (D5/W) is the most frequently used 
TV fluid, either for nutrition or fluid replacement. It is Iso- 
tonic and administered intravenously into a peripheral vein; 1 
g of dextrose provides 3.4 cal and 1 L of D5/W supplies ] 70 
cal. The body uses dextrose at a rate of 0.5 g per kg of body 
weight per hour. More rapid administration can result in 
glycosuria. Therefore, 1 L of D5 AV requires 1 V- hours for 
assimilation. The pH range of D5/W can vary from 3.5 to 
6.5. The wide range permitted is due to the free sugar acids 
present and formed during the sterilization and storage of the 
injection. To avoid incompatibilities when other drug sub- 
stances are added to Dextrose Injection, the possible low pH 
should be considered in using it as a vehicle. More concen- 
trated solutions of dextrose are available and provide in- 



Table 1 — Fluids Used Commonly for IV Use 



Injection 

Alcohol 

with D5AV" 

with D5/W i n NSS'< 
Amino acid (synthetic) 

Aminosyn II {Abb/ttt) 

FreAmine III (McGmr) 

Travasol (Barter) 
Ammonium chloride 
Dextran 40 

in NSS 

in D5/W 

Dexlran 70 

in NSS 

in DofW 
Dextrose (glucose* D5/W) 
Dextrose and sodium 

chloride 



Inven sugar 

( fructose and dextrose) 
Lactaied Ringer's 

( Hart man n*s) 

NaCl 

KCl 

CaCU 

Lactate 
Mannitol 

also in combination with 

dextrose or sodium 

chloride 
Multiple electrolyte solutions 

varying combinations of 

electrolytes, dextrose. 

fructose, invert sugar 
Ringer's 



Concentration (%) 



o 

3.5: 7 
8.5 

3.oj O.o; 8.o 
2.14 

10 
10 



ft 
6 

2.5-50 
Varying concn of dextrose 
from 5-20 with varying 
concn of sodium chlo- 
ride from 0.22-0.9 
5. 10 



pH 



4.5 



0.25 
6.6 
fi.O 
4.r>-G.0 

5 
A 



5 

3.5— fi. 5 
3.5-6.5 



1.0 
6.0-7.5 



0.C 
0.03 
0.02 
0.3 
5 

10 
15 
20 



Therapeutic use 



Sedative, analgesic, col ones 
Sedative, analgesic, calories 
Fluid and nutrient replenisher 



Metabolic alkaloids 

Priming fluid for extracorporeal circulation 
Priming fluid for extracorporeal circulation 



Plasma volume expander 

Plasma volume expander 

Fluid and nutrient replenisher 

Fluid, nutrient and electrolyte replenisher 



Fluid and nutrient replenisher 

Systemic alkalizer: fluid and electrolyte 
replenisher 



5.0-7.0 



Osmotic diuresis 



KC! 
CaCI ; 
Sodium bicarbonate 
Sodium chloride 
Sodium lactate 
Sterile water for injection 

"5% Dextrose in water. 
''Normal saline solution. 



0.86 
0.03 
0.033 
r> 

0.45; 0.9; 3; 5 
1/0 M 



.0- 



t .o 



4.5-7.0 
0.3-7.3 
0.5 



Fluid and electrolyte replacement 



Fluid and electrolyte replenisher 



Metabolic acidosis 

Fluid and electrolyte replenisher 

Fluid and electrolyte replenisher 

Diluent 
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creased calorie intake with less fluid volume. Being hyper- 
tonic, the more concentrated solutions may be irritating to 
peripheral veins. Highly concentrated solutions are acurunis- 
tered in a larger central vein. Other IV fluids used for intrave- 
nous admixtures and providing calories include solutions con- 
taining invert sugar. There is some evidence that fructose, 
unlike dextrose, may be used in diabetic patients; the 10% 
injection is hypertonic and provides 375 cal per L. Invert 
sugar consists of equal parts of dextrose and fructose; it is 
claimed that the presence of fructose promotes more rapid 
utilization of dextrose . 

Intravenous fluids containing crystalline amino acids can 
provide biologically usable amino acids for protein synthesis 
(Chapter 65). Protein contributes to tissue growth, wound 
repair and resistance to infection. The protein requirement 
for the normal adult is 1 g per kg per day; children and patients 
under stress require greater amounts. Attempts are made to 
maintain a positive nitrogen balance, indicating that the pro- 
tein administered is being utilized properly and not broken 
down and eliminated through the urine as creatinine and urea, 
which are normal waste products. In a positive nitrogen 
balance patients are taking in more nitrogen than they are 
eliminating. In a negative nitrogen balance there is more 
nitrogen being eliminated through the urine regularly than is 
being administered intravenously. This means that tissues 
are continuing to be torn down and repair is not necessarily 
taking place. Amino Acid Injection can afford the total body 
requirements for proteins by the procedure known as TPN 
(discussed below) or be used for supplemental nutrition by 
peripheral administration. In addition to the amino acids, 
these nutritional injections also may contain dextrose, electro- 
lytes, vitamins and insulin. Fat emulsion (Intralipid, Kabi 
Vitrum AB; Liposyn II, Abbott and Tvavamulsion, Baxter) 
sometimes is used concurrently but usually administered at 
another site. However, new systems such as three-in-one 
packaging permit mixing of amino acids, carbohydrates and 
fat in one container for TPN. . 

Packaging Systems 

Containers for intravenous fluids must be designed to main- 
tain solution sterility, clarity (freedom from particulate mat- 
ter) andnonpyrogenicity from the time of preparation, through 
storage and during clinical administration. Container clo- 
sures must be designed to facilitate insertion of administra- 
tion sets through which the injections are administered, at a 
regulated flow-rate, into suitable veins. TV fluids are avail- 
able in glass and plastic containers; the latter may be made 
from either a flexible or semirigid plastic material. IV fluids 
are supplied in 1000-mL, 500-mL and 250-mL sizes in addi- 
tion to 250-mL capacity containers packaged with 50 or 100 
mL of D5 AV or sodium chloride injection 0.9% for piggyback 
use in addition to 0.45% sodium chloride and 2.5% dextrose 
injections. IV fluids in glass containers are packaged under 
vacuum, which must be dissipated prior to use. For fluid to 
leave the IV glass container and flow through the administra- 
tion set. some mechanism is necessary to permit air to enter 
the container. Current flexible plastic systems do not re- 
quire air introduction in order to function. Atmospheric pres- 
sure pressing on the container forces the fluid to flow. 

All glass and plastic containers are single-dose and should 
be discarded after opening even if not used. Intravenous 
fluids are packaged with approximately 3% excess fill to allow 
for removal of air from the administration set and permit the 
labeled volume to be delivered from the container. The con- 
tainers are graduated at 20-mL increments on scales that 
permit the volume In container to be determined either from 
an upright or inverted position. Glass containers have alumi- 
num and plastic bands for hanging, while plastic containers have 
eyelet openings or plastic straps for attachment to IV poles. 

Fluids for IV use are available from three sources (Abbott. 
Baxter and McGaw); all provide both glass and plastic 
containers. The glass-container systems of Baxter and Mc- 
Gaw are similar. The characteristics of current packaging 
systems are summarized in Table 2. 



Table 2- 


-IV Fluid Syst ms 


Source 


C!rmt;*inftf 

wWI lull' Ivl 


Characteristics 


Baxter 


Glass 


Vacuum 






Air tube 




Plastic 


Polyvinyl chloride 




Flexible 






Nonvented 




Glass 


Vacuum 






Air tube 


McGaw {Ezcell) 


Plastic 


Flexible 


McGaw {Accwmed) 


Plastic 


Polyolefin 




Semirigid 


Abbott 


Glass 


Vacuum 






Air rUter" 


Abbott {Lifecare) 


Plastic 


Poryvinyl chloride 




Flexible 






Nonvemed 



"Part of administration set. 



Administration Sets 

Administration sets used to deliver fluids intravenously are 
sterile, pyrogen-free and disposable. Although these sets are 
supplied by different manufacturers, each for its own system, 
they have certain basic components. These usually include a 
plastic spike to pierce the rubber closure or plastic seal on the 
IV container, a drip (sight) chamber to trap air and permit 
adjustment of flow rate and a length (150 to 450 cm) of 
polyvinyl chloride tubing terminating in a gum-rubber injec- 
tion port. At the tip of the port is a rigid needle or catheter 
adapter. An adjustable clamp (screw or roller type) on the 
tubing pinches the tubing to regulate flow. Since the gum- 
rubber port is self-sealing, additional medication can be added 
to the IV system at these ports of entry. Glass containers that 
have no air tubes require air-inlet niters designed as part of the 
administration set (Abbott). See Figs 1 to 6. 

Administration Procedures 

In the administration of IV fluids, the primary IV container 
provides for fluid replacement, electrolyte replenishment, drug 
therapy or nutrition; the fluid can be infused over a 4- to 
8-hour period. In some cases an IV fluid is infused slowly for 
the purpose of keeping the vein open (KVO). This will allow 
additional drugs to be administered when required. The pri- 
mary IV fluid also can serve as a vehicle for other drugs to be 
administered, thus becoming an intravenous adrriixture (TV 
drip) and results in continuous blood levels of added drugs 
once the steady state has been reached. 




D."p 
chamber 




Needie 
oaapter 



Injection 
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J 



Fig 1 . Parts of basic administration sets. 
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Target area 
(for IV spike) 






lid rubber 
Stopper 
(cannot be penetrated 
by needle) 




1000 mL 



500 mL 250 mL capacity 
(Piggyback) 



Fig 2. Abbott IV glass container. The air venting is provided through 
the airtifter located in the spike of the administration set. See Fig 1 . 

The Accumed (McGaw) semirigid polyoleflrt plastic con- 
tainer is being phased out of production in favor of a new 
non-PVG, non-phthalate flexible container termed Excell. 

Incinerated PVC products produce hydrogen chloride gas 
as a toxic pollutant. Diethyl hexyl phthalate (DEHP), a com- 
ponent of PVC containers may leach into the soil in landfills. 
A number of drugs adsorb on PVC containers, notably 
nitroglycerin. Some drugs (fat emulsions, blood, taxol) are 
known to leach DEHP. 

The Excell container is claimed to eliminate or minimize 
these problems. The plastic film contains no plasticizers and 
exhibits no leachability. The solution-contact layer of the 
container is composed of a rubberized compolymer of ethyl- 
ene and propylene: which is claimed to be clear, nontoxic and 
biologically inert. The container is available in 250-mL, 500- 
mL, and 1-L sizes. Smaller sizes arc available in 25, 50 and 
3 00 mL known as PAB containers. 

In preparing an IV fluid for administration, the following 
procedure is used. 

The spike adapter of the administration set is inserted into the stopper or 
seal of the IV container. 

The IV fluid is hung on a stand at bedside and air is purged from the 
administration set by opening the clamp ur.Ul fluid comes out of needle. 
The tubing Ls then clamped off. 

The venipuncture is made by member of the IV team, floor nurse or 
physician. 



Additive 
injection 
Port (Not a hole) 



Administra tion 
Spike Hole 



Vent 
Hole 






Safety 
Seal 



Puncture Proof 
Seal (Aluminum) 



Latex 
Diophragm 



IO00 mL 



500 mL 



250mLCapaaty 
(Piggyback) 

Fig 3. Baxter and McGaw glass containers. The plastic air tube 
allows the air to enter the bottle as the fluid is infused into the patient. 
The spike of the administration set is not vented. See Fig 1 . 
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Additive 
port 



Spike 




Spike 



Additive 
port 



Spike 




Acditive 
pert 




Fig 4. (A) Abbott (Lifecare) polyvinyl chloride flexible container; (B) 
Baxter (V/af7ex) polyvinyl chloride flexible container. These contain- 
ers take nonvented administration sets. See Fig 1 . 

The infusion rate is adjusted by slowly opening and closing the clamp 
until the desired drop rate, viewed in the drip chamber, is obtained. The 
visual running time is A to 8 hours (usually 1 25 mL are delivered in 1 hour). 
Drugs such as heparin, insulin, Uriocaine or dopamine may be present in 
the I\' drip. When potent drugs are present, the flow rales will vary 
depending on the clinical condition of the patient. Sets are calculated to 
deliver 10, 15, 20, 50 or 60 drops j>ermL. depending on the manufacturer. 

Intermittent administration of an antibiotic and other drugs 
can be achieved by any of three methods: ( 1 ) direct intrave- 
nous injection (IV bolus or push). (2) addition of the drug to a 
predetermined volume of fluid in a volume-control device or 
(3) use of a second container (rrunibottle, minibag) with an 
already hanging IV fluid (piggybacking). 

Direct Intravenous Injection — Small volumes (1 to 50 
mL) of drugs are injected into the vein over a short period of 
time (1 to 5 minutes). The injection also can be made through 
a resealable gum-rubber injection site of an already hanging IV 
fluid. This method is suitable for a limited number of drugs 
but too hazardous for most drugs. 

Volume-Control Method — Volume -control sets provide a 
means for intermittent infusion of drug solutions in precise 
quantities, at controlled rates of flow. These units consist of 
calibrated, plastic, fluid chambers placed in a direct line under 
an established primary IV container or more often attached to 
an independent fluid supply. In either case, the drug to be 
administered is first reconstituted if it is a sterile solid and 
injected into the gum-rubber injection port of the volume- 
control unit. It is then further diluted to 50 to 1 50 mL with 
the primary fluid or the separate fluid reservoir. Ad- 
ministration of the total drug-containing solution requires 30 
to 60 minutes and produces a peak concentration in the 
blood followed by a valley if the dosage is discontinued. The 
following volume-control sets are available commercially: 
Soluset , Abbott; Buretrol, Baxter and Metriset, McGaw. 

The procedure for setting up an intermittent IV infusion 
with a volume-control set is 

Using aseptic technique, the spike of the volume-control set is inserted 
" into the primary TV fluid or a separate fluid container. See Fig 6. 
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Fig 5. Setting up a primary IV fluid for administration. 



The clamp above the chamber is opened to complete the dilution to the 
desired volume (50 to 150 mL), then closed. 

Flow commences when the clamp below the volume-control unit is 
opened. 

Piggyback Method — The piggyback method (Fig 7) refers 
to the intermittent rv drip of a second solution, the reconsti- 
tuted drug, through the venipuncture site of an established 
primary* IV system. With this setup the drug can be thought 
of as entering the vein on "top" of the primary IV fluid, hence 
the designation "piggyback." The piggyback technique not 
only eliminates the need for another venipuncture, but also 
achieves drug dilution and peak blood levels within a rela- 
tively short time span, usually 30 to 60 minutes. Drug dilu- 
tion helps to reduce irritation, and early high serum levels are 
an important consideration in serious infection requiring ag- 
gressive drug therapy. These advantages have popularized 
the piggyback method of IV therapy, especially for the intermit- 
tent administration of antibiotics. In using the piggyback 
technique, the secondary unit is purged of air and its needle 
inserted into a Y-injection site of the primary set or into the 
injection site at the end of the primary set. The piggyback 
infusion is then started. Once it is completed, the primary 
fluid infusion will be restarted. See Fig 7. 

Primary IV administration sets are available that have a 
built-in check valve for use in piggyback administration. 
When the piggyback is connected to one of these sets and 
started, the check valve automatically closes off the primary 
infusion. When the piggyback runs out, the check valve 
automatically opens, thereby restarting the primary infusion. 
The check valve works because of pressure differences. To 
achieve this difference, the primary container is hung lower 
than the secondary bottle by means of an extension hanger. 
See Fig 8. 

Manufacturers have introduced minibottles prefille'd with 
various antibiotic products; each container is provided with a 
plastic hanger for direct suspension from an TV pole as the 
piggyback solution is administered through the resealable 
gum-rubber injection site or Y-type facility of an existing fV 



Air is purged from tubing of the volume-control set by opening the 
clamps until fluid comes through. 

The clamp is opened above the calibrated chamber and it is filled with 25 
to 50 mL fluid from the primary rv container or separate fluid container. 

The clamp is closed above the chamber. 

The medication is injected through the gum -rubber port of the volume- 
control unit 




Fig 6. Volume control unit for intermittent administration. 
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Fig 7. Piggyback administration setup. 



system. Reconstiturion of piggyback units requires only the 
addition of a smaU volume of compatible diluent. Since re- 
constitution and administration proceed from the same bottle, 
no drug transfer is involved, so transfer syringes and addi- 
tional IV containers are not necessary- Prefilled drug contain- 
ers offer significant advantages to hospitals. Time-saving, 
less potential for error and contamination and convenience 
are outstanding Qualities of this type of packaging. The need 
exists in hospitals for these types of innovative packaging to 
help alleviate the critical nursing shortage and reduce the 
error potential. It is a significant event that drug manufactur- 
ers and intravenous fluid manufacturers have combined ef- 
forts to achieve optimal packaging for hospital use. 

Partial-fill containers available for piggybacking are 250- 
mL capacity infusion bottles or bags underfilled with 50 or 
1 00 mL D5/W or normal saline. The drug to be administered 
first is reconstituted in its original parenteral vial and then 
added by needle and syringe to the partial-fill container. The 
needle of the piggyback delivery system is inserted into the 
Y-site or gum-rubber injection port of a hanging primary infu- 
sion set. Flow of the primary intravenous fluid is stopped 
while the drug solution in the partial-fili container is adminis- 
tered (30 to 60 minutes). After the drug solution has been 




Fig 8. Piggyback administration setup with check valve in primary 
set. 



infused totally, the primary fluid flow is re-established. 
When the next dose of drug is required, the piggyback proce- 
dure Is repeated, replacing the prefilled partial-fill container. 

Mechanical -Electronic Infusion Devices — Gravity IV ad- 
ministration systems are affected by many variables which 
tend to alter the accuracy of the system. These include varia- 
tions in the size of the drip-chamber orifice, the viscosity of the 
solution being administered, plastic cold flow, clamp slip- 
page, final filters, variations in the patient's blood pressure 
and body movements, clot formation, pressure changes in IV 
containers rate of flow, temperature of the rv fluid, changes in 
the needle and other factors such as kinked tubing, extravasa- 
tion and changes in the height of the IV container. Flow in 
traditional gravity IV systems is controlled by manual clamps 
(either screw or roller clamps) which can provide consider- 
able discrepancies in volume delivery. These factors have 
promoted the development and use of mechanical-electronic 
infusion devices to control more accurately the administration 
of IV fluids. This group of devices includes infusion control- 
lers and infusion pumps. 

Infusion controllers count drops electronically or extrude 
volumes of fluid mechanically and electronically. Having no 
moving components, controllers are less complex than pumps, 
being usually less expensive and having fewer maintenance 
problems. Infusion controllers are gravity-type systems, but 
the control is regulated automatically rather than manually. 
In addition to increasing the accuracy of delivery, electronic 
equipment may be able to detect infiltration of air, empty 
containers and excess or deficient flow. 

Infusion pumps do not depend on gravity to provide the 
pressure required to infuse the drug. Pressure is provided by 
an electric pump that propels a syringe, a peristaltic or roller 
device or a cassette. Most pumps are volumetric in that the 
deliver>' is measured in milliliters rather than drops. 

The quality of patient care has improved with the use of 
infusion devices. Flow rates can be maintained, therefore 
parenteral and enteral nutrition can be conducted safely. In 
addition, accurate drug therapy can be accomplished with 
adults and children and "runaways" of IV fluid administration 
can be eliminated. 

Patient-Controlled Analgesia (PCA) — Usually and tradi- 
tionally the acute or chronic pain experienced by patients in 
selected diseases are treated initially by oral narcotics and 
analgesics. However, many clinical situations preclude oral 
administration. Typically, the unsatisfied pain from disease 
has been treated by parenteral analgesics given by the IM or 
SC route. 

This medication cycle from patient complaint to pain relief 
often can be lengthy. Frequently, the dose administered may 
be too large or too small, resulting in either sedation or poor 
pain relief. See Fig 10. 

Parenteral drugs given IV offer rapid distribution in the 
body and fast onset of action; the drug undergoes no biotrans- 
formation or inactivation and, therefore, allows for more pre- 
cise dose management. 

Patient-Controlled Analgesia (PCA) is a system for deliv- 
ery of IV or SC narcotics by direct patient intervention. This 
therapy uses a mechanical, electronic, infusion-control device 
which permits self-administration of analgesics in proportion 
to the degree of relief desired. 

A number of these devices have been developed and are 
undergoing development at Bard, Abbott, Pharmacia. Deltec, 
Travenol and Becton Dickinson. The early devices allowed 
for patient-triggered IV doses, and later refinement in the 
microprocessors allowed for tailoring of infusions so that 
additional bolus doses could be given to a baseline infusion. 
Additional developments have led to ambulatory PCA-devices 
that are small enough to be worn on a belt. An additional 
design being used is a balloon-powered disposable device 
(Travenol) that operates mechanically from an inflated bal- 
loon. 

In its simplest terms, PCA allows a patient to initiate an IV 
infusion of a prescribed narcotic analgesic and maintain a 
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Fig 9. Characteristic pattern comparison of IM bolus serum concen- 
tration versus PCA. 3 



self-regulated small amount of incremental doses needed for 
controlling a variety of pain-associated medical problems. 

The success and popularity of PCA is based upon the inad- 
equacy of conventional IM and IV dosing, such as variables 
that effect absorption and distribution 1 such as conventional 
nursing practices, inherent procedural delays in securing medi- 
cation and the ultimate administration to the patient. 2 The 
perception and sensation of pain in any one patient depends 
upon individual levels of endorphins and other biochemicals 
in cerebrospinal fluid/ 3 

The last several years have seen the increasing use of infu- 
sion devices for epidural or intrathecal administration. 

PCA eliminates the peak and valley effects of traditional 
drug therapy (Fig 9). Epidural or intrathecal therapy of PCA 
allows a longer duration of drug action. 

Kwan 4 reviewed the use of infusion devices for epidural or 
intrathecal administration. 

Final-Filter Devices — Particulate matter in TV fluids and 
IV admixtures can originate from many sources. It can result 
from the packaging components of the IV fluid, from aa^riix- 
ture incompatibilities, from manipulation in preparing the 
admixture and even from the administration set itself. 
Concern for particulate matter led to the design of final-filter 
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Fig 1 0. Patient pain cycle — sequence ol events. 3 



devices for attaching to the end of the tubing of the administra- 
tion set. They afford a final filtration of the IV fluid before it 
passes through the needle into the vein. The device consists 
of a plastic chamber containing a membrane or stainless-steel 
filter having porosities varying from 5 to 0.22 ^m. Air lock 
can be a problem with membrane niters. When wet, mem- 
branes with a porosity of 0.22 u.m and 0.45 u.m are impervious 
to air at normal pressures and air in the system causes 
blockage. In order to prevent this, the filter housing must be 
purged completely of air prior to use. Newer designs have 
air eliminators. Using final-filter devices increases medica- 
tion cost but reduces the biological hazards associated with 
particulate matter. 

Although considerable information is available concerning 
the clinical use of membrane filters in entrapping particulate 
matter and microorganisms, little information exists describ- 
ing drug absorption by the filter. Literature on a limited 
number of drugs and filter materials indicates that drugs admin- 
istered in low doses might present a problem with drug bond- 
ing to the filter. 5 Solutions containing minute dosages of 
drugs, 5 mg or less, should not be filtered until sufficient data 
are available to confirm insignificant absorption. Drugs not 
recommended to be filtered include all parenteral suspen- 
sions, blood and blood products, amphotericin B, digitoxin, 
insulin, intravenous fat emulsions, mitiu-amycin, nitroglycerin 
and vincristine. 
IV Delivery Systems — 

Frozen Premizes — Baxter provides delivery to hospitals 
of frozen drug products packaged in polyvinyl chloride 
containers. These are stored in a freezer in the hospital's 
pharmacy , thawed and used when needed. See Fig 1 1 A. 

Faspak /ADS- 100 System — Eli Lilly supplies a non-PVC 
plastic piggyback container,, named Faspak, which contains 
the dry, powdered form of certain drugs (Keflin, Kefzol, Man- 
dol and ampicillin) which, upon reconstitution with the appro- 
priate diluent, allows direct administration of the diluted drug. 
This avoids a transferring step that normally takes place when 
reconstituting a powdered drug. To help in the reconstitu- 
tion step, a specialized dilution pump named the ADS- 100 
system is supplied. The package design eliminates the need 
for transferring between containers after reconstitution, and 
the Faspak acts as a final delivery container. 

Abbott / ADD-Vantage System— Introduced in 1985. the 
Abbott ADD -Vantage system (Fig i IB) has two parts: a plas- 
tic TV bag (Abbott) which is filled with solution and a separate 
glass vial of powder or liquid drug sold by a pharmaceutical 
manufacturer. The vial is encased by a plastic cover that is 
removed prior to use. The user locks the vial holding the 
drug into a chamber at the top of the plastic bag and mixes the 
drug and solution by externally removing the stopper on the 
vial. 

Nvirimix — A Dual-Compartment container is available 
from Abbott. This container allows for long-term packaging 
of amino acids and dextrose mixtures. 

IVAC-Cris—The IVAC-Cris (Controlled-Release Infusion 
System) (Fig 1 IF) is a disposable adapter designed to infuse 
reconstituted injectable drugs directly from the manufactur- 
er's single-dose vial. The Cris adapter avoids the need to 
transfer drug doses to piggyback secondary containers and 
also eliminates the need for a secondary IV set. The adapter 
has a primary spike that is inserted into the IV fluid container 
and a secondary spike that receives the drug vial. The vial 
spike has two fluid paths: one admits IV fluid from the pri- 
mary container into the vial; the other drains drug solution 
into the drip chamber of the IV set. A two-position valve 
allows IV fluid to flow directly from the primary container to 
the patient or pass through the vial to deliver the drug. A 5 
jim in-line filter eliminates particulates. 

To operate the Cris adapter, the drug vial first is reconsti- 
tuted with an appropriate diluent. With the valve dial in the 
vertical (primary) position, the spike shield is removed and 
the vial is attached immediately to the Cris spike. The valve 
dial is then turned toward the vial, directing the flow of pri- 
mary fluid into the vial of drug solution. The incoming fluid 
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dilutes and displaces the drug solution into the drip chamber, 
through the primary set and into the patient. After the dose 
has been delivered, the vial remains on the spike until the next 
dose is required. Flow rate can be aojusted using a roller 
clamp, electronic pump or controller. 

Mini-Infuser Pumps for Intermittent IV Drug Deliv- 
ery — A novel concept in intermittent drug delivery, intro- 
duced several years ago, was the Bard-Harvard Mini-Infuser 
System. This instrument was designed for the administra- 
tion of antibiotics and other medications delivered intermit- 
tently in 40 minutes or less. This battery-generated, light- 
weight instrument uses standard disposable syringes and 
microbore disposable extension sets. Different models are 
available, depending on volume-to-be-delivered selection. 
This instrument provides accuracy, constant flow, conve- 
nience and safety for intermittent drug delivery. See Fig 1 1C. 
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Fig 1 1 . Various IV delivery systems. A: Frozen partial fill; B: Add- 
Vantage; C: syringe pump; D; . partial fill diluent container; E: 
drug manufacturer's partial fill piggyback (DMP) (courtesy, Abbott). 
The flow control clamp, "Y" site, needle and associated tubing for B 
through £ f are the same as in A.(F\g 11 is continued on the next 
page.) 



Introduced and designed for intermittent IV drug delivery, 
Becton Dickinson's 360 Infusor allows drug delivery intermit- 
tently over 60 minutes or less in a volume dilution of up to 60 
mL. 

Internal Methods Used To Achieve Intravacular Ac- 
cess — 

Implantable Ports (Infuse-A-Port, Infusaid; Port-A-Calh, 
Pharmacia) — Broviac and Hickman catheters have been used 
to achieve long-term venous access in a variety of diseases. 
Although these catheters are widely used, they are associated 
with some morbidity which includes fracture of catheters 
entrance site infection and catheters sepsis. Implantable 
catheters have been developed to overcome catheter compli- 
cations and are designed to permit repeated access to the 
infusion site. The catheters consist of implantable-grade sili- 
cone tubing connected to a stainless-steel port with a self- 
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Fig 1 1 (continued). F: Cris infusion; G: burette set (courtesy, Abbott) . 



sealing septum that allows needle access. The delivery cath- 
eter can be placed in a vein, cavity, artery or the CNS. The 
system is accessed with a Huber-point needle through the skin 
into the self-sealing silicone plug positioned in the center of 
the portal. 

The specialized Huber-point needle is designed with an 
angle bevel that reduces coring and permits easy entry. 




These implantable ports can be used for the injection of IV 
fluids, total parenteral nutrition, chemotherapy, antibiotics 
and other drugs. 
Some advantages of implantable devices include 

The need for a long-term access site to venous, arterial and spinal 
systems. 

An increased dependence on nonhospttal treatment of chronic disease 
states. 

The direct infusion in a target organ or tumor. 

A decrease in infection rates which are seen with percutaneous catheters 
or repealed spinal taps. 
Allowing greater mobility for the patient (a return to normal function). 

Implantable Pump (Infusaid) — The Infusaid Implantable 
Pump was approved for selected drug administration. This 
pump is the si2e of a hockey puck and weighs approximately 
6 1 /" oz. The construction is titanium, stainless steel and 
polypropylene. The injection part is constructed of silicone 
rubber and has a usable life of at least 2000 punctures. 
Under normal use this device lasts more than 8 years. 

The internal power supply uses Freon in equilibrium be- 
tween the gaseous and liquid states and is recharged with 
each refilling process, thus supplying a power supply for as 
long as the pump is needed. As the pump is refilled, it com- 
presses the gas back into the liquid state, allowing a fresh 
supply of energy for the next cycle. The capacity of this 
pump is 50 mL, which can be administered over a 14-day 
period. The pump accuracy is stated as over 3%. The cost 
of one model is approximately S 4000.00, not including the 
surgical implant procedure. The 14-day cycle cannot be al- 
tered to any degree. 

Model 400 Implantable Drug Delivery System Qnf usaid) 
is designed for long-term therapy in the ambulatory patient. 
The Model 400 with a 47-mL usable drug volume delivers a 
precise, continuous flow to a selected organ or site via a soft, 
nontraumatic, nonthrombogenic silicone rubber catheter. 
The Model 400 also features an auxiliary Sidepori septum, 
completely bypassing the pumping mechanism, for delivery of 
direct bolus injections to the target site. This allows the 
clinician easily to supplement the continuous infusion with 
additional drugs, objectively assess the disease state or moni- 
tor catheter location and drug perfusion with the use of radio- 
labeled microspheres. 



Fig 1 2, Placing an additive into an IV fluid with filtration through a 
membrane filter (courtesy, Miltipore). 



Intravenous Admixtures 

When one or more sterile products are added to an IV fluid 
for acuTurustration, the resulting combination is known as an 
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IV admixture . To maintain the characteristics of sterile prod- 
ucts, namely sterility, freedom from particulate matter and 
pyrogens, it is imperative that they be manipulated in a suit- 
able environment using aseptic techniques. 

Environment — Proper conditions for aseptic handling can 
be provided by laminar-flow hoods (see Chapters 84, 87). 
Within a larrunar-flow hood, air filtered through a HEPA (high 
efficiency particulate air) filter moves in a parallel flow configu- 
ration at a velocity of 90 fpm. HEPA filters remove 99,97% 
of all particles larger than 0.3 \xm. Since microbial contami- 
nants present in air usually are found on other particulates, 
removal of the latter results in a flow of air free of both 
microbial contaminants and particulate matter. The move- 
ment of the filtered air in a laminar-flow configuration at a 
velocity of 90 fpm can maintain the area free of contamination. 
The flow of air may be in either a horizontal or vertical pattern. 
In the former case the HEPA filter is located at the back of the 
hood and the air flows to the front. In vertical flow the air 
passes through the HEPA filter located in the top of the cabi- 
net and is exhausted through a grated area around the working 
surface of the hood. Regardless of the type of laminar air 
flow, the hood must be operated and maintained properly in 
order to achieve a satisfactory environment for the prepara- 
tion of parenteral admixtures. 

The hood is situated best in a clean area in which there is 
little traffic flow past the front of the hood. The inside of the 
hood is wiped down thoroughly with a suitable disinfectant 
and allowed to run for at least 30 minutes before starting 
manipulations. It is important to remember that the laminar- 
flow hood is not a means of sterilization. It only maintains an 
area free of microbial contaminants and particulate matter 
when it has been prepared, maintained and utilized properly 
by operators having proper aseptic techniques. 

Before working in a larrunar-flow hood the operator washes 
his hands thoroughly and scrubs them with a suitable 
disinfectant. Some laboratories may require gowning and 
using sterile gloves. Sterile gloves can be an asset but there 
is always the problem that they can give the operator a false 
sense of security. Gloved hands can become contaminated 
as easily as ungloved hands. Additives and IV fluids to be 
used in the preparation of the admixture, along with suitable 
syringes, are lined up in the hood in the order they are to be 
used. The containers must be clean and dust-free. They 
are inspected for clarity and freedom from cracks. 
Operators are encouraged to use a lighting device for inspect- 
ing IV fluids for particulate matter and cracks. The lighting 
device should permit the container to be viewed against both a 
light and a dark background during inspection. If the IV fluid 
is packaged in plastic containers, pressure is applied to assure 
that they are sealed properly and do not leak. Some laborato- 
ries disinfect the containers prior to placing them in the hood. 

In working within the hood the operator works in the center 
of the hood, with the space between the point of operation and 
the filter unobstructed. If the flow of air is blocked, the 
validity of the laminar flow is destroyed. Articles are ar- 
ranged within the hood in a manner to prevent clean air from 
washing over dirty objects and contaminating other objects 
that must remain sterile . The working area must be at least 6 
inches from the front edge of the hood. As the operator 
stands in front of the hood, his body acts as a barrier to the 
laminar air flow causing it to pass around him and create 
backflow patterns which can carry room air into the front of 
the hood. 

Laminar-flow hoods must be maintained and evaluated peri- 
odically to insure that they are functioning properly. The 
velocity of air flow can be determined routinely using a 
velometer. A decrease in the air flow usually indicates a 
clogged HEPA filter. Some laminar-flow hoods are equipped 
with pressure gauges indicating pressure in the plenum be- 
hind the filter; in these hoods pressure increase also can 
indicate a clogged filter. Settling plates can be exposed within 
the hood for given periods of time to detenrnine the presence 
of microbial contaminants. 



The best way to determine the proper functioning of a HEPA 
filter is to use the dioctyl phthalate (DOP) test using the vapor 
at room temperature. DOP vapor (particles of - 0.3 u.m) is 
allowed to be taken up by the hood through its intake filter. If 
the HEPA filter is intact and properly installed, no DOP can be 
detected in the filtered air stream using a smoke photometer. 
Certification services are available through commercial labo- 
ratories; the HEPA filters within laminar-flow hoods should be 
evaluated every 6 months. 

Additives — The additives are injections packaged in am- 
puls or vials, or sterile solids; the latter are reconstituted with 
a suitable diluent before addition to the IV fluid. A fresh, 
sterile, disposable syringe is used for each additive. Before 
removing a measured volume from an ampul, the container is 
wiped with a disinfectant solution. If the ampul is scored, the 
top can be snapped off; if not scored, an ampul file must be 
used. A sterile syringe is removed from its protective 
wrapping. The syringe needle with its cover is separated 
from the syringe aseptically and may be replaced with a sterile 
aspirating needle. Aspirating needles usually are made from 
clear plastic and contain a stainless-steel or nylon filter having 
a porosity of 5 \ux\. The filter will remove glass particles and 
other particulates from the injection as it is drawn up from the 
ampul into the syringe. The aspirating needle is replaced 
with the regular needle. The exact volume is calibrated and 
the injection is ready to be added to the IV fluid (see Fig 12). 
In the case of additives packaged in multiple-dose vials, the 
protective cover is removed and the exposed target area of the 
rubber closure disinfected. A volume of air, equal to the 
volume of solution to be removed, is drawn up into the syringe 
and injected into the air space above the injection within the 
vial. This facilitates withdrawal of the injection. The solu- 
tion is drawn into the syringe, the exact dose is measured and 
the injection is ready to be added to the IV fluid. 

Certain injections are light-sensitive and protected against 
photolysis by the container packaging. The manufacturer 
may use amber glass, individual container wrapping or an 
amber plastic cover. Many hospital pharmacists. use alumi- 
num foil as a protective wrap for light-sensitive drugs during 
their administration. 

In the case of drug substances having poor stability in 
aqueous solution, the drug is packaged as a sterile solid, either 
dry-filled or lyophilized. The diluent recommended on the 
labeling is used to reconstitute the powder; the proper quan- 
tity of solution then is removed for addition to the IV fluid. 
When large volumes of diluent are required for reconstitution, 
as for Keflin, a sterile needle is placed through the closure to 
vent the container and facilitate addition of the diluent. In 
order to increase the efficiency of IV admixture programs, a 
limited number of hospital pharmacists have found it conve- 
nient to freeze reconstituted drugs, particularly antibiotics. 
The stability of reconstituted drugs is somewhat limited. In 
some cases stability is limited to only a few hours; in many 
cases, however, reconstituted solutions can be frozen and 
thawed at the time of use. In the frozen form the stability of 
the antibiotic solution can be increased. In a number of 
instances the stability in the frozen form is known and sup- 
plied by the manufacturer. Reports have been published on 
the frozen stability of certain drugs. However, it is unwise to 
freeze drug solutions without adequate stability studies for 
guidance. In those cases where published information is 
available, close adherence must be observed as to freezing 
temperature, storage conditions and packaging. 

There is an increasing awareness of the potential hazard to 
pharmacists handling antineoplastic drugs. 6 Although the 
evidence is not conclusive, it appears that measures should be 
taken to minimize unnecessary exposure. 7 These precau- 
tions include the use of vertical laminar-flow hoods for the 
preparation and reconstitution of these agents, the wearing of 
gloves and masks by the personnel, special labeling of the 
containers to insure their proper handling and disposal and 
periodic blood studies of personnel involved in preparing 
admixtures of antineoplastic agents. 
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The procedure for placing an additive in an IV fluid will vary 
depending on the type of IV fluid packaging system being used 
by the hospital. The packaging systems have been described 
in Table 2. 



Abbott Glass Caraabters (Fig 2) 

1. Remove the aluminum tear seal exposing the solid-rubber closure 
with a target circle in the center. 

2 . Wipe the closure with suitable disinfectant. 

3. Insert the needle of the additive syringe through the target area. 
The vacuum within the bonle draws in the solution. 

4. Gently shake the bottle after each addition. 

5. When completed, cover the closure with a plastic protective cap if ii 
is not to be used immediately. 

Baxter and McGau> Rigid Glass Containers (Fig S) 

1 . Remove the aluminum tear seal and the aluminum disc covering the 
latex diaphragm. 

2. Upon exposing the latex diaphragm, note that the latex cover is 
drawn In over the openings in the rubber closure. 

3 . The larger of the two holes receives the administration set, the other 
is the air vent. The triangle-shaped indentation can serve as the site for 
injecting the additives as well as the opening for the administration set. 

4 . Wipe the diaphragm with a suitable disinfectant and pierce the latex 
cover to place additive into bottle. The vacuum within the bottle will 
draw additive from the syringe. Do not remove the diaphragm or the 
vacuum will dissipate. It will be removed at the time of administration 
prior to the insertion of the administration set. 

5. Gently shake the bottle after each additive. 

6. When completed, cover the bottle with a plastic additive cap if the 
administration set is not to be inserted Immediately. 



Baxter and Abbott Plastic Container (Fig M J 

1 . Remove the additive port protective sleeve and rub the gum-rubber 
plug with a suitable disinfectant. 

2. Additives are placed in container by piercing the gum-rubber cover 
over the additive port 

3. After each addition, milk the container to insure adequate mixing. 

4. Containers do not contain a vacuum, but vacuum chambers are 
available for use in conjunction with the flexible plastic container. 

0. Protective additive caps are available if the administration set is not 
inserted immediately. 



McGatv Semirigid Plastic Oxntainer (Fig 4) 

1 . Remove the additive port protective covering and rub the gum- 
rubber plug with a suitable disinfectant. 

2. Additives are placed in containers by piercing the gum-rubber over 
the additive port. 

3. After each addition, shake the container gently to insure adequate 
mixing. 

4 . Containers do not contain a vacuum. 

Pharmacy Bulk Package — The manufactured bulk pack- 
age is a sterile container for parenteral use that contains many 
single doses. These containers are intended for use in admix- 
ture programs where large numbers of doses are prepared. 
It is designed so that the rubber closure is penetrated only one 
time . It is used in laminar-flow hoods. Pharmacy bulk pack- 
ages are exempt from the USP requirement that requires 
multiple-dose containers to have a volume not greater than 30 
mL. They also have an exemption in that they are not re- 
quired to have a bacteriostatic agent. Pharmacy bulk pack- 
ages have special labeling and storage requirements. 

Parenteral Incompatibility — When one or more addi- 
tives are combined with an IV fluid, their presence together 
may modify the inherent characteristics of the drug sub- 
stances present, resulting in a parenteral incompatibility. 
Parenteral incompatibilities have been divided arbitrarily into 
three groups: physical, chemical and therapeutic. The lat- 
ter is the most difficult to observe because the combination 
results in undesirable antagonistic or synergistic pharmaco- 
logic activity. For example, the report that penicillin or cor- 
tisone antagonizes the effect of heparin and produces a mis- 



leading picture of the anticoagulant effect of .heparin 
represents a therapeutic incompatibility. Physical incompat- 
ibilities are observed most easily and can be detected by 
changes in the appearance of the admixture, such as a change 
in color, formation of a precipitate or evolution of a gas. 
Physical incompatibilities frequently can be predicted by 
knowing the chemical characteristics of the drugs involved. 
For example, the sodium salts of weak acids, such as phe- 
nytoin sodium or phenobarbital sodium, precipitate as free 
acids when added to intravenous fluids having an acidic pH. 
Calcium salts precipitate when added to an alkaline medium. 
Injections that require a special diluent for solubilization, such 
as diazepam, precipitate when added to aqueous solutions 
because of their low water solubility. 

Decomposition of drug substances resulting from combina- 
tion of parenteral dosage forms is called a chemical incompat- 
ibility, an arbitrary classification since physical incompatibili- 
ties also result from chemical changes. Most chemical 
incompatibilities result from hydrolysis, oxidation, reduction 
or complexation and can be detected only with a suitable 
analytic method. 

An important factor in causing a parenteral incompatibility 
is a change in the acid-base environment. 8 The solubility and 
stability of a drug may vary as the pH of the solution changes. 
A change in the pH of the solution may be an indication in 
predicting an incompatibility, especially one involving drug 
stability, since this is not necessarily apparent physically. 
The effect of pH on stability is illustrated in the case of 
penicillin. The antibiotic remains active for 24 hours at pH 
6.5, but at pH 3.5 it is destroyed in a short time. Potassium 
penicillin G contains a citrate buffer and is buffered at pH 6.0 
to 6.5 when reconstituted with Sterile Water for Injection. 
Dextrose Injection or Sodium Chloride Injection. When this 
reconstituted solution is added to an intravenous fluid such as 
Dextrose Injection or Sodium Chloride Injection, the normal 
acid pH of the solution is buffered at pH 6.0 to 6.5, thus 
assuring the activity of the antibiotic. 

While it may be impossible to predict and prevent all paren- 
teral incompatibilities, their occurrence can be rrunirrtized. 
The IV admixture pharmacist should be cognizant of the in- 
creasing body of literature concerning parenteral incompat- 
ibilities. This includes compatibility guides published by 
large-volume parenteral manufacturers, 8- 1 1 compatibility stud- 
ies on individual parenteral products by the manufacturer and 
published with the product as part of the labeling, the study of 
the National Coordinating Committee on Large-Volume Paren- 
terals, 12 reference books 13,14 and literature reports of studies 
with specific parenteral drugs. 1 5 The pharmacist should en- 
courage the use of as few additives as possible in IV fluids 
since the number of potential problems increases as the num- 
ber of additives increases. Physicians should be made aware 
of possible incompatibilities and the pharmacist can suggest 
alternate approaches to avoid the difficulties. In some in- 
stances, incompatibilities can be avoided by selecting another 
route of administration for one or more of the drugs involved. 

Quality Control — Each hospital should have written pro- 
cedures covering the handling and storage, use in preparing 
admixtures, labeling and transportation of IV fluids to the 
floors. In-use clarity and sterility tests should be devised to 
assure that IV admixtures retain the characteristics of sterility 
and freedom from particulate matter. Training and monitor- 
ing personnel involved in preparation of IV admixtures should 
be done on a regular basis. 16 The efforts of the hospital 
pharmacy should be no less than those of the industry in 
following Current Good Manufacturing Practice to assure the 
safety and efficacy of these compounded medications. 

Total Parenteral Nutrition 

Intravenous administration of calories, nitrogen and other 
nutrients in sufficient quantities to achieve tissue synthesis 
and anaboKsm is called total parenteral nutrition (TPN). 17 
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Originally, the term hyperalimentation was used to describe 
the procedure, but it is being replaced by TPN. the latter being 
more descriptive for the technique. 

The normal caloric requirement for an adult is approxi- 
mately 2500 per day. If these were to be provided totally by 
D5/W, approximately 15 L would be required. Each liter 
contains 50 g dextrose, equivalent to 170 calories. 
However, it is only possible to adrriinister 3 or 4 L per day 
without causing fluid overload. To reduce this fluid volume 
the concentration of dextrose would have to be increased. 
By increasing the dextrose to 25%, it is possible to administer 
five times the calories in one-fifth the volume. D25/W is 
hypertonic and cannot be administered in large amounts into a 
peripheral vein without sclerosing the vein. 

Dudrick developed the technique for administering fluids 
for TPN by way of the subclavian vein into the superior vena 
cava where the solution is diluted rapidly by the large volume 
of blood available, thus rrunimizing the hypertonicity of the 
solution. For administration of the TPN fluids, a catheter is 
inserted and retained in place in the subclavian vein. TPN is 
indicated in patients who are unable to ingest food due to 
carcinoma or extensive burns; patients who refuse to eat, as in 
the case of depressed geriatrics or young patients suffering 
from anorexia nervosa and surgical "patients who should not 
be fed orally. 

The preferred source for calories in TPN fluids is the carbo- 
hydrate dextrose. In IV fluid kits commercially available for 
the preparation of TPN solutions, D50/W is provided. On 



dilution with amino acid injection, the resulting dextrose con- 
centration is approximately 25%. It is this concentration 
that is administered. 

The source of nitrogen in TPN fluids is crystalline amino 
acids {Aminosyn, Abbott; PreAmitie 111, McGaw; Travasol, 
Travenol). The crystalline amino acid injections contain all 
the essential and nonessential amino acids in the L-form. For 
optimum utilization of amino acids and for promoting tissue 
regeneration, the nitrogen-to-calorie ratio should be 1:150. 
Calories are needed to provide energy for the metabolism of 
nitrogen. 

Electrolyte requirements vary with the individual patient. 
The electrolytes present in Amino Acid Injection are given on 
the label and must be taken into consideration in determining 
the quantities to be added. Usual electrolyte concentrations 
are required to fall within the following ranges: sodium, 
100-120 mEq; potassium, 80-120 mEq; magnesium, 8-16 
mEq; calcium, 5-10 mEq; chloride, 100-120 mEq and phos- 
phate, 40-60 mEq. It is better to keep a 1:1 ratio between 
sodium and chloride ions. In adding potassium, the acetate 
salt is preferred to the chloride. If the combination of cal- 
cium and phosphate ions exceeds 20 mEq, precipitation oc- 
curs. 

In addition to the electrolytes, the daily requirement for 
both water-soluble and fat-soluble vitamins may be added, 
usually in the form of a multivitamin infusion concentrate. 
Iron, should be administered separately from the TPN fluids. 
Trace elements such as zinc, copper, manganese and iodide 



Table 3 — Typical IV Orders (Parenteral Prescriptions) 



■' ■ Prescription 



Comment 



Prescription 



Comment 



1. ft 



NS 1000 mL 
125 mL/hr 



2. S 



1000 D5W + NS + 
vits 1 2 hr 



3. B 



500 D5W + i/.NS 
KVO 



4. B 



1000ccD5W- '/.NS 
Add 1 amp vits to 

each + 100 mg 

thiamine 
Each to run 6 hr 



5. B 



1000ccD5W + i/jNS 
+ 20 mEq KC1 



6. R 



lOOOHyperal + 10 
NaCJ - 10KCI + 5 

MgS0 4 - 10 

insulin 



Sodium Chloride injection 
(Normal Saline Solution) 
1 000 mL, is lo be administered at 
a flow rate of 1 25 mL per hr. It 
will require approximately 8 hr. 

Dextrose Injection 5%, 1 000 mL, 
containing 0.9% sodium chloride 
and container of vitamin B com- 
plex with vitamin C is to be 
administered over a 12-hr period- 
Dextrose Injection 5%, 500 mL, 
containing 0.45% sodium chlo- 
ride is to be administered at a 
flow rate to keep the vein open 
(KVO). The flow rate will be 
approximately 10 mL per 1 hr. 

Dextrose Injection 5%, 1000 mL, 
containing 0.45% sodium chlo- 
ride, the contents of one ampul 
vitamin B complex with vitamin C 
and sufficient volume of Thiamine 
Hydrochloride Injection to give 
1 00 mg thiamine, is to be admin- 
istered over a 6-hr period 
(approximately 1 70 mL per hr). 
Additional orders of the same can 
be anticipated. 

Dextrose Injection 5%, 1 000 mL, is 
to be provided containing 0.45% 
sodium chloride and 20 mEq 
potassium chloride. 

One L of the hospital s basic TPN 
solution is to be provided with the 
addition of 1 0 mEq sodium chlo- 
ride, 10 mEq potassium chloride, 
5 mEq magnesium sulfate and 1 0 
units regular zinc insulin. 



T. B 



1000 ccTPN 
(FreAmine) + 40 
mEq NaHCOn + 30 
mEq KC1 + Vits + 
5U Reg Insulin to run 80 
cc/hr 



8. & 



1000TPN + 40 
mEq NaCl + 10KCI 
+ 10 Insulin + 10 
cal gluconate 



9. R 



Keflin2g + 100 mL 
D5Wq6hr 



One L of the basic TPN solution, 
FreAmine II, is to be provided 
with the addition of 40 mEq 
NaHCO :1 , 30 mEq potassium chlo- 
ride, the contents of one con- 
tainer vitamin B complex with 
vitamin C plus 5 units of regular 
zinc insulin. It is to be adminis- 
tered at the flow rate of 80 mL per 
hr (approximately 12 hr). 

One L of the hospital's basic TPN 
solution is to be provided with the 
addition of 40 mEq sodium chlo- 
ride, 10 mEq potassium chloride, 
10 units regular zinc insulin and 
1 0 mL Calcium Gluconate Injec- 
tion. 

Cephalothin, 2 g, is reconstituted 
with Sterile Water for Injection 
and added to a minibottle con- * 
taining 3 00 mL Dextrose Injec- 
tion 5%. This dose is given every 
6 hr using a piggyback technique 
with a flow rate requiring 30 to 60 
min for delivers'. 



10. R 



Gentamicin 80 mg 
IVPB q 8 hr 



Gentamicin, 80 mg, is added to a 
minibottle containing 100 mL 
Dextrose Injection 5%. This dose 
is given every 8 hr using the pig- 
gyback technique (IVPB) with a 
flow rate requiring at least 80 min 
(not less than 1 mg per nun). 
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Tabt 4 — Product Stability 



Table 



Trade name 



Humulin 

Protropin 

Humatrope 

Roferon-A 

Lmron A 

Activase 

Recombivax-HB 

Engerix-B 

Orthodone 

Epogen 



Physical form 



Liquid solution 
Lyophiiized powder 

Lyophilized powder 
Lyophiiized powder 
Lyophilized powder 
Liquid solution 
Liquid solution 
Liquid solution 
Liquid solution 



Shelf-tife 



2yrat2-8°C 
2 yr at 2-8°C 

3yrat2-8°C 
2 yr at 2-8°C 
2yrat2-30°C 



1 yr at 2-8'C 



comblnant Protein Drug 



Trade name 



Humulin 
Protropin 
Humatrope 
Roferon-A 

Intron A 
Activase 
Recombivax HB 
EngerixrB 
Orthodone OKT3 
Epogen 



ViaJ strength 



1000 units 
5mg 
5 mg 

3 and 18 million units solution 

3 and 18 million units lyo 

3, 5, 10, 25 and 50 million units 

20, 50 mg 

5, 10 jig 

20 ^g 

5^.g 

2, 4 and 10 thousand units 



are a concern only in long-term cases and can be added when 
required. 

Th Parenteral Prescription 

The physician writes an admixture order or parenteral pre- 
scription on a physician's order form located on the patient's 
chart. A copy of the order is sent to the pharmacy for 
compounding. It Includes the patient's name, room number, 
the intravenous fluid wanted, additives and their concentra- 
tions, rate of flow, starting time and length of therapy. The 
order is taken by the technician, nurse or pharmacist to the 
pharmacy. Orders may be telephoned to the pharmacy; veri- 
fication with the original order is made on delivery of the 
admixture. IV orders usually are written for a 24-hour therapy 
period; the patient's chart is reviewed and new orders are 
written on a daily basis. The order may be for multiple 
containers, in which case the containers are numbered 
consecutively. Unlike the extemporaneously compounded 
prescription, additives are added without regard to final vol- 
ume of IV fluid. The prescription is checked for proper dose , 
compatibility, drug allergies and stability. Additives usually 
are given an expiration period of 24 hours from the time of 
preparation. Drugs such as ampicillin may require shorter 
expiration periods. 

The clerical work for the admixture is prepared This in- 
cludes typing of the label and the preparation of the profile 
worksheet. The profile sheet is filed so that the pharmacist 
will be alerted when subsequent containers are due for 
preparation. Charging the patient's account can be done 
from the profile worksheet. The label includes the patient's 
name, room number, bottle number, preparation date, expira- 
tion time and date, intravenous fluid and quantity, additives 
and quantities, total time for infusion, the milliliters per hour 
or drops per minute and space for the name of the nurse who 
hangs the container. The label will be affixed to the con- 
tainer upside down in order that it can be read when hung. 

The admixture is prepared by the pharmacist or a super- 
vised technician. In handling sterile products, aseptic tech- 
niques as discussed previously must be observed. When 
completed, a plastic additive cap is affixed before delivery to 
the floor. The label is applied and checked with the original 
order. The empty additive containers are checked to confirm 
the additives present. The admixture is inspected for any 
color change or particulate matter. 



Table 5 — Stability after Reconstltution 
(Lyophilized Products) 



Trade name 


Shelt-life 


Roferon 


1 mo at 2-8 e C 


Intron A 


1 mo at 2-8°C 


Humatrope 


14 days at 2-8°C 


Protropin 


7 days at 2~8°C 


Activase 


8 hr at 2-30°C 



The completed admixture is delivered to the floor. If it is 
not to be infused immediately (within 1 hour), it is stored - 
under refrigeration; if refrigerated, it must be used within 24 
hours. The nurse checks for accuracy of patient's name, 
drug and concentration, IV fluid, expiration date, time started 
and clarity. The infusion of admixtures may run ahead or 
behind schedule, necessitating that the pharmacist modify the 
preparation of continued orders. Examples of TV orders are 
shown in Table 3. 

Parenterals Derived by Biotechnology 

In 1993, 14 biotechnology drugs had been approved for 
clinical use; 21 were in Phase III clinical studies awaiting 
approval and over 1 30 were in various phases of development. 
The Center for Biologies Evaluation and Review (CBER) had 
over 3200 INDs under review. 

As a result of the stability sensitivities of proteins, the 14 
biotechnology pharmaceuticals currently available are all 
manufactured as parenterals. Many are available as lyophi- 
lized parenterals (Table 4) . Most have limited shelf-life after 
reconstitution (Table 5). All are supplied in low dosage, 
which attest to their potency (Table 6). 

For a complete treatment of biotechnology and drugs, see 
Chapter 49. 
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ABSTRACT The cDNA for one of the receptors for human 
tumor necrosis factor (TNI?) has been isolated. This cDNA 
encodes a protein of 455 amino acids that is divided into an 
extracellular domain of 171 residues and a cytoplasmic domain 
of 221 residues. The extracellular domain has been engineered 
for expression in mammalian cells, and this recombinant 
derivative binds TNFa with high affinity and inhibits its 
cytotoxic activity in vitro. The TNF receptor exhibits similarity 
with a family of cell surface protein? that includes the nerve 
growth factor receptor, the human B-cell surface antigen 
CD40, and the rat T-cell surface antigen OX40. The TNF 
receptor contains four cysteine-rich sub domains in the extra- 
cellular portion. Mammalian cells transfected with the entire 
TNF receptor cDNA bind radiolabeled TNFa with an affinity 
of 2.5 x 10" 9 M. This binding can be competitively inhibited 
with unlabeled TNFa or lymphotoxin (TNF/J). 

• * ■ 

Tumor necrosis factor a (TNFa) is a potent cytokine that 
elicits a .broad spectrum of biological responses. TNFa 
causes the cytolysts or cytostasis of many tumor cell lines in 
vitro, induces' the hemorrhagic necrosis of transplanted tu- 
mors in mice, enhances the. phagocytosis and cytotoxicity of 
polymorphonuclear neutrophils, and modulates the expres- 
sion .of many proteins, including lipoprotein lipase, class I 
antigens of the major histocompatibility complex, and cyto- 
kines such as interleukin 1 and interleukin 6 (1-4). TNFa 
appears to-be necessary for a normal immune response (5,6), 
but large quantities produce dramatic pathogenic effects 
(7-9). TNFa has been termed "cachectin" since it is the 
predominant factor responsible for the wasting syndrome 
(cachexia).associated with neoplastic disease and parasitemia 
(If 3). TNF is also a major contributor to toxicity in Gram- 
negative sepsis, since antibodies against TNF can protect 
infected animals (7, 10). 

The many activities of TNFa are mediated by binding to a 
cell surface* receptor. Radioligand binding studies have con- 
finned the presence of TNF receptors on a wide variety of 
, cell types (11-14). Although these receptors are expressed in 
limited numbers (1000-10,000 per cell), they bind TNFa with 
high affinity (tf a = 10* M" 1 at 4°C). The TNF receptor has 
been characterized as a 55- to 80-kDa glycoprotein that binds 
both TNFa and the structurally related lymphotoxin (TNF0). 
Lymphotoxin has. biological activities that are similar, if not 
identical, to those of TNFa, presumably because both are 
recognized by the same receptor (4). Recently, several lab- 
oratories have detected heterogeneity in TNF receptor prep- 
arations" (15,. 16) and have proposed that at least two distinct 
cell surface molecules bind TNFa. In addition, both'of these 
receptors appear to be released from cells in soluble form, as 
TNF-binding proteins of 30 kDa have been isolated from 
urine and serum (16-18). This soluble extracellular domain 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" 
w accordance with 18 U.S.C.'51734 solely to indicate this fact. 



retains the capacity to bind Hgand with high affinity and 
therefore may be important in regulating concentrations of 
TNFa in vivo. 

To further elaborate the structure of the TNF receptor, we 
have identified a cDNA for one of the receptor forms.*COS 
cells transfected with this cDNA bind TNFa with high 
affinity and this binding can be inhibited by unlabeled TNFa 
or lymphotoxin. A derivative of the TNF receptor, the 
extracellular domain, has also been expressed in COS cells. 
This results in the secretion of a soluble recombinant receptor 
domain with characteristics similar to those of the TNF- 
binding protein. 

MATERIALS AND METHODS 

Reagents. Recombinant human TNFa and TNF/3 were 
generously supplied by Genentech as highly purified proteins 
derived from Escherichia coll. The specific activities of these 
preparations were approximately 10 7 units/mg,'as measured 
. in the murine L929 cell cytotoxicity assay. The synthetic 
oligonucleotides were prepared by Oswel DN A Service (Uni- 
versity of Edinburgh). 

Isolation of TNF Receptor cDNA Clones. Purification and 
partial amino acid sequence analysis of the TNF-binding 
protein have been described (16, 17). The sequence of a 
peptide fragment (Glu-Met-Gly-Gln-Val-Glu-Ue-Ser-Ser- 
Thr-Val-Asp-Arg-Asp-Thr-Val-Cys-Gly) was used to design 
a synthetic oligodeoxynucleotide probe (5'-AAG-GAG- 
ATG-GGC-CAG-GTT-GAG-ATC-TCT-TCT-ACT-GTT- 

GAC-AAT-GAC-ACT-GTG-TGT-GGC-3'). The 57-mer 
DN A probe was labeled with 32 P by T4 polynucleotide kinase 
(New England Biolabs) and used to screen a placental cDN A 
library in AgtlO (19, 20). Approximately 800,000 phage were 
transferred to nitrocellulose filters and screened at reduced 
stringency (21). Filters were incubated for 2 hr at 42°C in 0.05 
M sodium phosphate, pH 6.5/2096 formamide/0.75 M so- 
dium chloride/0.075 M sodium citrate/1% polyvinylpyrroli- 
done (Sigma)/1% Ficoll/1% bovine serum albumin (Sigma), 
and sonicated salmon sperm DNA (Sigma) at 50 ng/ml. The 
radiolabeled probe was then added to the filters (10 6 cpm/ ml) , 
which were hybridized for 16 hr. Filters were washed exten- 
sively in 0.06 M sodium chloride/0.006 M sodium citrate/1% 
SDS at 37°C and positive clones were identified by autora- 
diography. Ten hybridizing clones were plaque-purified (19) 
and cDNA insert size was determined by polyacrylamide gel 
electrophoresis of EcoRI-digested phage DNA. The inserts of 
two cDNA clones were sequenced by the dideoxy chain- 
termination technique (22). 

Southern and Northern Blot Analysis. DNA was isolated 
from human lymphocytes by the method of Blin and Stafford 
(23) and used for Southern blot analysis (24). DNA was 

♦ 

Abbreviations: TNF, tumor necrosis factor; PCR, polymerase chain 
reaction. . 
♦The sequence reported in this paper has been deposited in the 
GenBank data base (accession no. M37764). 
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digested with restriction endonucleases (New England Bio- 
labs), fractionated in a 1% agarose gel, and transferred to 
nitrocellulose. Hybridization and washing were conducted 
under stringent conditions (20) using a 32 P-labeled prepara- 
tion of a 600-base-pair (bp) fragment of the TNF receptor 
cDNA. Northern blot analysis was performed (25) on oli- 
go(dT)-selected RNA isolated from human placenta, spleen 
(generously provided by the Cooperative Human Tissue 
Network, Birmingham, AL), and fibroblast cell line 293. 
Following electrophoresis in a formaldehyde/1. 2% agarose 
gel, the RNA was transferred to nitrocellulose and hybridized 
with the TNF receptor DNA probe under stringent condi- 
tions. 

Mammalian Cell Expression of the Human TNF Receptor 
and Derivatives. The coding region of the majority of the 
human TNF receptor was isolated as an EcoKL fragment and 
cloned into a mammalian cell expression vector (26), result- 
ing in plasmid prTNFR. The EcoRl fragment encodes 374 
amino acids of the TNF receptor; 81 carboxyl-terminal 
residues of the cytoplasmic domain are therefore missing 
from this plasmid construction and 23 unrelated residues are 
added. A derivative of the TNF receptor was produced by 
engineering a termination codon just prior to the transmem- 
brane domain (following lle-159). The polymerase chain 
reaction (PCR) technique (27) was used to generate a 300-bp 
restriction fragment containing Bgl II site at the 5' end and a 
Hindill site preceded by a TAG stop codon at the 3' end. The 
PCR primers were 5'-GCTGCTCCAAATGCCGAAAG-3' 
and 5'-AGTTCAAGCTTTTACAGTGCCCTTAACAT- 

TCTAA-3'. The PCR product was purified by gel electro- 
phoresis and cloned into the TNF receptor expression plas- 
mid (described above) digested with Bgl II and tfmdIII. DNA 
sequencing confirmed that the resulting plasmid (pTNFRecd) 
contained the designed DNA sequence. 

The TNF receptor expression plasmids were transfected 
into monkey COS-7 cells by using Lipofectin (GIBCO/BRL) 
according to the manufacturer's instructions. Cells were 
cultured in Dulbecco's modified Eagle's medium containing 
10% fetal bovine serum. 

Analysis of Recombinant TNF Receptor Derivatives. TNFoc 
was radioiodinated with the Iodo-Gen method (Pierce) ac- 
cording to the manufacturer's directions. The specific activ- 
ity of the l25 I-labeled TNFa was 10-30 ^Ci/jig d MCi = 37 
kBq). COS cells transfected with the TNF receptor cDNA 
(prTNFR, 1300-bp EcoRI fragment) were incubated for 24 hr 
and then seeded into six-well tissue culture plates (Nunc) at 
4.5 x i0* cells per well. The cells were incubated for a further 
48 hr and then receptor expression was quantitated by 
radioligand binding for 2 hr at 4°C. Nonspecific binding of 
123 I-TNFa "was determined in the presence of a 1000-fold 
molar excess of unlabeled TNFa. Binding data were analyzed 
by the method of Scatchard (28). ...... ' c 

The TNF receptor derivative was analyzed for inhibition or 
^I-TNFa binding to the natural receptor on human U-937 
monocytic cells. Culture supernatant was harvested 72 hr 
after COS cells were transfected with pTNFRecd. U-937 cells 
(2 x 10 6 cells in 200 m0 were incubated with 1 nM ^I-TNFa 
and dilutions of COS cell medium for 2 hr at 4°C. Cells were 
then centrifuged through 20% sucrose to remove unbound 
TNFa. Nonspecific binding was determined in the presence 
of 1 fM unlabeled TNFa. 

The TNF receptor derivative was also analyzed for inhi- 
bition of TNFa cytotoxic effects in vitro. The cytotoxicity 
assay was performed as described on the TNF-sensitive cell 
line WEHI 164 clone 13 (29). Serial dilutions of culture 
supernatant from COS cells transfected with pTNFRecd or 
from mock-transfected controls were incubated with a con- 
stant amount of TNFa (1 ng/ml) for 1 hr at 37°C before 
.addition to the assay. 



RESULTS 

Isolation and Characterization of the TNF Receptor cDNA. 
Partial amino acid sequence of the TNF-binding protein (16, 
17) was used to design a synthetic oligonucleotide probe. The 
radiolabeled probe was used to screen a human placental 
cDNA library in AgtlO, and 10 hybridizing phage were 
isolated. The nucleotide and deduced amino acid sequences 
of the longest cDNA clone are depicted in Fig. 1. The third 
potential ATG initiation codon occurs at position 156 of the 
nucleotide sequence; the first two ATG codons are closely 
followed by termination codons, and the third ATG is pre- 
ceded by the best translation initiation consensus nucleotides 
(30). The cDNA encodes an open reading frame of 1365 bases 
that codes for a polypeptide of 455 residues. The peptide 
sequence determined by amino acid sequencing was identi- 
fied in the encoded cDNA (18 of 19 matching residues). The 
ammo-terminal end identified for the TNF-binding protein 
corresponds to the cDNA-encoded sequence (17 of 19 match- 
ing residues) beginning at residue 41. The first 35 amino acids 
are generally quite hydrophobic and probably represent a 
signal sequence. Residues 36-40 (-5 to -1 in Fig. 1) are 
highly charged (Asp-Arg-Glu-Lys-Arg) and such a sequence 
is not typically found in secretory signal sequences (31); 
perhaps the natural receptor is processed by proteolysis after 
residues 39 and 40, which comprise a dibasic cleavage site 
(Lys-Arg). Hydropathy analysis of the protein sequence 
predicts a signal transmembrane domain of 23 amino acids. 
This hydrophobic sequence divides the protein into an extra- 
cellular domain of 171' residues and a cytoplasmic domain of 
221 residues. The amino acid composition determined for the 
TNF-binding protein (17) corresponds well with the predicted 
composition of the extracellular domain encoded by the 
cDNA (results not shown). The discrepancy between- the 
predicted receptor size (49 kDa) and the size determined by 
SDS/polyacryiamide gel electrophoresis (55-60 kDa, refs. 
12-14) is probably due to glycosylation; there are four 
potential N-linked glycosylation sites in the sequence, three 
of which are in the extracellular domain. The sequence 
contains a large number (i.e., 30) of cysteine residues, 24 of 
which are in the extracellular domain. The arrangement of 
these cysteines is similar to that of several other cell surface 
proteins (see Discussion), suggesting that the TNF receptor 
is structurally related to a family of receptors. 

A Northern blot analysis is presented in Fig. 2A. The 
32 P-labeled 600-bp cDNA fragment hybridized to a single 
predominant band of oligo(dT)-selected RNA from human 
placenta or spleen. A minor larger transcript was also ob- 
served in RNA from a fibroblast cell line. The size of the 
hybridizing species is 2400 bases, in good agreement with the 
size of isolated cDNA. Fig. 2B shows a Southern blot of 
human genomic DNA hybridized with the same 600-bp probe 
from the cDNA. In each of the three different restriction 
digests, only a single hybridization signal was observed- Thus 
the TNF receptor that we have isolated appears to be 
encoded by a single gene. 

Expression of Recombinant TNF Receptor Sequences in 
Mammalian Cells. To confirm that the cDNA shown in Fig. 
1 indeed encodes the TNF receptor, the cDNA was engi- 
neered for expression in mammalian cells. The cDNA con- 
tains an EcoRI site at position 1270 of Fig. 1. The receptor 
coding sequence was isolated as a 1300-bp £coRI fragment 
(containing all but the last 81 codons of the cyt plasrnic 
domain) and inserted into the mammalian cell expr ssion 
vector containing a cytomegalovirus promoter and simian 
virus 40 transcription termination sequences (26). The result- 
ing plasmid was transfected into COS cells, which were 
analyzed forTNF receptor expression after3 days. As shown 
in Fig. 3A, the transfected cells specifically bound radioiodi- 
nated TNFa in a saturable and dose-dependent fashion. The 
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: ACCA GTGATCTCTA TGCCCGAGTC TCAACCCTCA ACTGTCACCC CAAGGCACTT GGGaCGTCCT GGACAGACCG 
73 AGTCCCGGGA AGCCCCAGCA CTGCCGCTGC CACACTGCCC TGAGCCCAAA tgggggagtg agaggccata gctgtctggc 

-tCMGLSTVPOLLl P L V L L G L L V G IY P 
tsa ATG GGC CTC TCC ACC GTG CCT GAC CTG CTG CTG CCG CTG GTG CTC CTG GAG CTG TTG GTG GGA ATA TAC CCC 

-16SGVIG LVPHtGO R E K R^OSVCPOGK 
S3 TCA GGG GTT ATT GGA CTG GTC CCT CAC CTA GGG GAC AGG GAG AAG AGA GAT AGT GTG TGT CCC CAA GGA AAA 



9Y 1HPONN SI CCTKC HK G T Y L Y NOC 
SCO TAT ATC CAC CCT CAA AAT AAT TCG ATT TGC TGT ACC AAG TGC CAC AAA GGA ACC TAC TTG TAC AAT GAC TGT 

33 P GPG OOTOC HE CESGSFT ASEN H L 
372 CCA GGC CCG GGGCAG GAT AGG GAC TGC AGG GAG TGT GAG AGC GGC TCC TTC ACC GCTTCA GAA AAC CAC CTC 

57RKCLSCS KCR K E MGQVE ISSCTV 0 
*A4 AGA CAC TGC CTC AGC TGC TCC AAA TGC CGA AAG GAA ATG GGT CAG GTG GAG ATC TCTTCTTGC ACA GTG GAC 

81 R D TVCGCRKN QYR -HYWSE N UFQCF 
6 CGG GAC ACC GTG TGT GGC TGC AGG AAG AAC CAG TAC CGG CAT TAT TGG AGT GAA AAC CTT TTC CAG TGC TTC 



135 N CSCC LN G^T VHLSCQ EK QN TVCTC 
55S AAT TGC AGC CTC TGC CTC AAT GGG ACC GTG CAC CTC TCC TGC CAG GAG AAA CAG AAC ACC GTG TGC ACC TGC 



-.29 H A.GFFl RE NECVSCS NCK K SLECT 
6S0 CAT GCA GGTTTC TTT CTA AGA GAA AAC GAG TGT GTC TCC TGT AGT AAC TGT AAG AAA AGC CTG GAG TGC ACC 



tttKLCLPOl E NVKGTE DSGT T Iv C L P T 

ACAG1 



732 AAG TTG TGC CTA CCC CAG ATT GAG AAT GTT AAG GGC ACT GAG GAC TCA GGC ACC ACA GTG CTG TTG CCC CTG 



177 V 1 F ' F G 



L S 



L F I 



M 



W 



864 GTC ATT TTC TTT GGT CTT TGC CTT TTA TCC CTC CTC TTC ATT GGT TTA ATG TAT CGC TAC CAA CGG TGG AAG 

31SKLYS IVCGK ST PEK EG ELE GTTT 
8?a TCC AAG CtC TAC TCC ATT GTT TGT GGG AAA TCG ACA CCT GAA AAA GAG GGG GAG CTT GAA GGA ACT ACT ACT 

225 K PLAPNP SFSPT PGFTPTL GFSPV 
W AAG CCC CTG GCC CCA AAC CCA AGC TTC AGT CCC ACT CCA GGC TTC ACC CCC ACC CTG GGC TTC AGT CCC GTG 



24»PSSTFTSSS TYTPG OCPNFAAPR R 
020 CCC AGT TCC ACC TTC ACC TCC AGC TCC ACC TAT ACC CCC.GGT GAC TGT CCC AAC TTT GCG GCT CCC CGC AGA 

273EVAPPYQ GAOPI L ATALASOPI PN 
:C92 GAG GTG GCA CCA CCC TAT CAG GGG GCT GAC CCC ATC CTT GCG ACA GCC CTC GCCTCC GAC CCC ATC CCC AAC 

297 P LQKWEOS AH KPOSl 0 TOO PA TLY 
^64 CCC CTT CAG AAG TGG GAG GAC AGT GCC CAC AAG CCA CAG AGC CTA GAC ACT GAT GAC CCC GCG ACG CTG TAC 

221 A V VE N'VP P LRT IEFVR RLGLS OHE 
* 236 GCC GTG GTG GAG AAC GTG CCC CCG TTG CGC TGG AAG GAA TTC GTG CGG CGC CTA GGG CTG AGC GAC CAC GAG 

3451 ORLELO NGRCLRE AO YSML A T W R 
1MB ATC GAT CGG CTG GAG CTG CAG AAC GGG CGC TGC CTG CGC GAG GCG CAA TAC AGC ATG CTG GCG ACC TGG AGG 

369 RRTPRRE ATLELL GRVLRN MOLLG 
1380 CGG CGC ACG CCG CGG CGC GAG GCC ACG CTG GAG CTG CTG GGA CGC GTG CTC CGC GAC ATG GAC CTG CTG GGC 

393 C IE Ot EE AtCGPAALP PA P SLUR 
K52 TGC CTG GAG GAC ATC GAG GAG GCG CTT TGC GGC CCC GCC GCG CTC CCG CCC GCG CCC AGT CTT CTC AGA TGA 
1 521 GGCTGCGCCC TGCGGGCAGC TCTAAGGAGC GTCCTCGCAG ATCGCCTTCC AACCCCACTT TTTTCTGGAA AGGAGGGGTC 
1601 CTGCAGGGGC AAGCAGGAGC TAGCAGCCGC CTACTTGGTG CTAACCCCTC GATGTACATA GCTTTTCTCA GCTGCCTGCG 
1681 CGCCGCCGAC AGTCAGCGCT GTGCGCGCGG AGAGAGGTGCGCCGTGGGCTCAAGAGCCTGAGTGGGTGCT 
1761 GAGGGACGCT ATGCCTCATG CCCGTTTTGG GTGTCCTCAC CAGCAAGGCT GCTCGGGGGC CCCTGGTTCG TCCCTGAGCC 
1M1 tttttcacag TGCATAAGCA GTTTTTTTTG TTTTTGTTTT gttttgtttt gtttttaaa tcaatcatgt tacactaata 

1921 GAAACTTGGC ACTCCTGTGC CCTCTGCCTG GACAAGCAC ATAGCAAGCT GAACTGTCCT AAGGCAGGGG CGAGCACGGA 
200 1 ACAATGGGGC cttcagctgg agctgtggac TTTTGTACAT ACACTAAAAT TCTGAAGTTA AG 



Fig. 1. Nucleotide sequence of 
the human TNF receptor cDNA and 
encoded amino acid sequence. The 
predicted signal sequence is num- 
bered -40 to -1. The first residue of 
the TNF-binding protein (16, 17) is 
preceded by an arrowhead, the trans- 
membrane domain is boxed, and po- 
tential N-linked glycosylation sites in 
the extracellular domain are over- 

* 

lined. The sequence homologous with 
the designed oligonucleotide probe is 
found at nucleotide positions 477- 
553. 



population of COS cells expressed ^l x 10 3 receptors per 
cell. The measured binding affinity of recombinant receptors 
was 2.5 x 10 9 M" 1 at 4°C, which is in close agreement with 
the value for the natural receptor on human cells (13, 14). The 
binding of 125 I-TNFa (1 nM) to these cells could be inhibited 
by the addition of unlabeled TNFa or lymphotoxin (Fig. 3B). 
COS cells transfected with just the expression vector did not 
significantly bind 123 I-TNFa (<2% of the binding seen with 
the cDNA transfection). - 

The extracellular domain of the TNF receptor is naturally 
shed from cells (16-18). To produce a similar recombinant 
derivative, at stop codon preceding the transmembrane do- 
main was engineered into the cDNA by PCR mutagenesis. 
The modified DNA was inserted into the expression plasmid 
and subsequently transfected into COS cells. After 3 days, 
the COS cell medium was tested for inhibition of TNFa 
binding to human U-937 cells. As shown in Fig. 4A, the 
transfected-cell medium inhibited **7Q% of the binding of 
TNFa. The recombinant TNF receptor derivative was next 
tested for inhibition of TNFa biological activity. A sensitive 
bioassay for TNFa is measurement of cytolysis of mouse 
WEHI.164 (clone 13) cells. The transfected-cell medium 
inhibited 60% of TNFa cytotoxicity on this cell line (Fig. 4B). 



Medium from mock-transfected COS cells did not inhibit 
TNFa cytotoxicity or binding. These experiments demon- 
strate that the recombinant extracellular domain of the TNF 
receptor is capable of binding TNF and inhibiting its biolog- 
ical activity. 

DISCUSSION 

This paper describes the cDNA cloning of a human TNF 
receptor. The cDNA was isolated with asynthetic oligonu- 
cleotide probe based on partial amino acid sequence. The two 
peptide sequences determined for the purified TNF-binding 
protein correspond to sequences encoded in the cDNA. 
Confirmation that this cDNA encodes the TNF receptor was 
established by mammalian cell expression studies: this 
cDNA directs the expression f a cell surface protein that 
specifically binds TNFa with high affinity. 

Southern hybridization suggests that the cDNA is encoded 
by a single gene. Several other laboratories have provided 
strong evidence for at least two structurally distinct human 
TNF receptors (15, 16). Consequently, other forms of the 
TNF receptor must differ significantly from that isolated 
here, since nly single hybridization signals are observed in 
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Fio. 3. Binding characteristics of recombinant human TNF receptor expressed in COS-7 cells. (A) Direct binding of recombinant I25 I-TNFa 
to COS-7 cells transfected with prTNFR. (Inset) Scatchard analysis derived from these data. (B) Competition analysis. Monolayers of COS-7 
cells transfected with the TNF receptor cDNA were incubated with 1 nM l25 I-TNF in the presence of various concentrations of unlabeled TNFa 
(•) or TNF/3 (lymphotoxin, LT) (o). 



the Southern analysis (Fig. IB), Similarly, the ligands for this 
receptor, TNFa and lymphotoxin, share 35% amino acid 
similarity but their coding sequences do not cross-hybridize 
(32). 

The TNF receptor exhibits significant amino acid sequence 
homology to three othercell surface proteins: the low-affinity 
nerve growth factor receptor (2896 similarity; ref. 33), human 
CD40 (a B-cell surface marker; 25% similarity, ref. 34), and 
rat OX40 (found on activated T cells that are CD4-positive; 
24% identity; ref. 35). The similarity among these proteins is 
confined to the extracellular domain. As shown in Fig. 5, 
each of these contain four (three in OX40) cysteine-rich 
subdo mains that probably evolved from a common motif. 
Consequently, these proteins are members of a family of cell 
surface molecules that are structurally related. The distinct 
functions of each of these molecules may be a result of their 
dissimilar cytoplasmic domains. The ligands for OX40 and 
CD40 have not been identified, but antibodies against them 



2.4 kb- 





can augment T-cell and B-cell responses, respectively (34, 
35). TNFa and nerve growth factor do not share sequence 
similarity, but both ligands affect the growth and differenti- 
ation of target cells. Perhaps this family of cell surface 
molecules has evolved to recognize structurally distinct 
ligands but retained a common scaffold that is generally 
useful for recognition of polypeptide ligands. While the 
dissimilar cytoplasmic domains suggest independent modes 
of signal transduction, each receptor appears to function in 
the growth or differentiation of the cell. 

The natural production of a soluble receptor domain has 
been observed for other cytokine receptors, including those 
for interleukins 2, 4, and 6 and interferon y (36) . The 
formation of a soluble extracellular domain can arise by 
several mechanisms — for example, by degradation of the 
receptor (as is the case for the interleukin 2 receptor) or by 
synthesis of an independent transcript that does not encode 
a transmembrane domain [as seen for the interleukin 4 
receptor (37) and the soluble or cell-bound forms of immu- 
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Fig. 2. (A) Northern blot of oligo(dT)-selected RNA (10 Mg P«r 
lane) from human 293 cells (fibroblast cell line) (lane 1), placenta 
(lane 2), and spleen (lane 3) hybridized with the TNF receptor cDNA 
{Sma 1-EcoRl fragment), kb, Kilobases. (B) Southern blot of human 
genomic DNA (5 pg per lane) digested with Pst 1 (lane 4), HindUl 
(lane 5), or£coRI (lane 6) and hybridized with the same probe as used 
for the Northern blot. 
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Fig. 4. Effects of soluble TNF receptor on TNF binding and 
biological activity. (A) Effect of culture supematants from COS-7 
cells transfected with a cDNA encoding a soluble form of the TNF 
receptor (pTNFRecd; •) or mock-transfected (o) on 123 I-TNF bind- 
ing to U-937 cells. (B) Effect of these supematants on TNF-mediated 
killing of WEHI 164 (clone 13) line. 
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Fig. 5. Alignment of the cysteine-rich subdomains of the extracellular portions of the human TNF receptor (TNFR), rat nerve growth factor 
receptor (NGFR; ref. 33), human CD40 (34), and rat OX40 (35). Common residues are boxed. OX40 contains only three subdomains and lacks 
the third. Residue numbers refer to the precursor form and begin with the initiating methionine. 



noglobulin]. We observed a single predominant signal in a 
Northern blot of human spleen and placenta niRNA, sug- 
gesting that one size of transcript produces this form of the 
TNF receptor. Consequently, the formation of the TNF- 
binding protein is most likely a result of proteolytic cleavage 
from the membrane-bound receptor. Presumably the extra- 
cellular domain is cleaved by proteolysis near the transmem- 
brane junction, resulting in the release of a soluble receptor 
fragment. ^ 

By introducing a termination codon prior to" the transmem- 
brane domain, we have expressed a soluble form of the 
extracellular domain. This recombinant product mimics the 
natural TNF-binding protein in its sequence, amino acid 
composition, and ability to inhibit TNF biological activity 
(16, 17). The natural TNF-binding protein may play an 
important role in the regulation of TNF-mediated responses 
by binding and sequestering the cytokine. The recombinant 
extracellular domain may similarly provide therapeutic ben- 
efit in disorders such as cachexia, sepsis, and autoimmune 
diseases where TNF has been shown to play a significant 
causative role, such as rheumatoid arthritis (38). Attempts to 
demonstrate the therapeutic potential of the recombinant 
soluble TNF receptor can now be instigated. 

Note. After submission of this manuscript for review, two papers 
appeared (39, 40) describing the sequence of the human TNF 
receptor cDNA, which is identical to that reported here. 
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ABSTRACT Tumor necrosis factors (TNF) a and p are 
structurally related cytokines that mediate a wide range of 
Immunological, inflammatory, and cytotoxic effects. During 
bacterial infection of the bloodstream (sepsis), TNF-a induc- 
tion by bacterial endotoxin is thought to be a major factor 
contributing to the cardiovascular collapse and critical organ 
failure that can develop. Despite antibiotic therapy, these 
consequences of sepsis continue to have a high mortality rate in 
humans. Here we describe a potent TNF antagonist, a TNF 
receptor (TNFR) immunoadhesin, constructed by gene fusion 
of the extracellular portion of human type 1 TNFR with the 
constant domains of human IgG heavy chain (TNFR-IgG). 
When expressed in transfected human cells, TNFR-IgG is 
secreted as a disulfide- bonded homodimer. Purified TNFR-IgG 
binds to both TNF-a and TNF-0 and exhibits 6- to 4-fold higher 
affinity for TNF-a than ceU surface or soluble TNF receptors. 
In vitro, TNFR-IgG blocks completely the cytolytic effect of 
TNF-a or TNF-0 on actinomycin D-treated cells and is mark- 
edly more efficient than soluble TNFR (24-fold) or monoclonal 
anti-TNF-a antibodies (4-fold) in inhibiting TNF-a. In vitro, 
TNFR-IgG prevents endotbxiu-induced lethality in mice when 
given 0.5 hr prior to endotoxin and provides significant pro- 
tection when given up to 1 hr after endotoxin challenge. These 
results confirm the importance of TNF-a in the pathogenesis of 
septic shock and suggest a clinical potential for TNFR-IgG as 
a preventive and therapeutic treatment in sepsis. 

Tumor necrosis factors a (TNF-a; cachectin) and p (TNF-/3; 
lymphotoxin) are related proteins, secreted by activated 
macrophages and lymphocytes, respectively (1-3). These 
cytokines have been implicated in diverse biological pro- 
cesses including immunoregulation, inflammation, antiviral 
defense, cachexia, angiogenesis, and septic shock. The bio- 
logical effects of TNF-a and TNF-/3 are mediated through 
specific receptors. Molecular cloning has demonstrated the 
existence of two distinct types of TNF receptor (TNFR), 
each of which binds to both TNF-a and TNF-0 (4-8). The 
extracellular portions of both receptors are found naturally 
also as soluble TNF binding proteins (7, 8). 

Several lines of evidence indicate that TNF-a is a principal 
mediator in the pathogenesis of septic shock. First, neutral- 
izing anu-TNF-ot antibodies can prevent the pulmonary fail- 
ure and death associated with administration of endotoxin or 
Escherichia coli in mice (9) or baboons (10). Second, intra- 
venous infusion of TNF-a leads to a toxic syndrome indis- 
tinguishable from that caused by endotoxemia and gram- 
negative sepsis (11, 12). In addition, the levels of TNF-a 
increase substantially in the circulation of animals and hu- 
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mans who have received endotoxin or have septic shock (13, 
14) and correlate with mortality in severe sepsis (15-17). 

To create a TNF antagonist that migjit block the lethal 
effect of TNF in endotoxic shock, we constructed an immu- 
noadhesin (18) containing the extracellular portion of human 
type 1 TNFR and. the hinge and Fc regions of human IgG 
heavy chain (TNFR-IgG). This approach was based on the 
observation that the extracellular portion of CD4, the recep- 
tor for human immunodeficiency virus (HIV), can be linked 
to IgG heavy chain, thus creating a protein with two func- 
tional HIV binding sites and a markedly longer plasma half 
life than the soluble extracellular portion of CD4 (18, 19). We 
show that the TNFR-IgG chimera acts as a potent antagonist 
of TNF-a and TNF-jS in vitro and can prevent endotoxin- 
induced lethality in a mouse model for septic shock. These 
results suggest that TNFR-IgG may be useful against the 
potentially lethal consequences of sepsis in humans. 

MATERIALS AND METHODS 
Construction, Expression, and Purification of TNFR-IgG. 

The schematic structure of TNFR-IgG is shown in Fig. \A. 
A mammalian expression vector encoding TNFR-IgG (pRK- 
TNFRl-IgG) was constructed from plasmids encoding the 
human type 1 TNFR (pRK-TNF-R) (4) and CD4-IgG 
(pRKOMzFc!) (19). A 770 r base-pair (bp) DNA fragment 
containing 5' untranslated sequences and encoding the leader 
and extracellular portion of type 1 TNFR was generated by 
digesting pRK-TNF-R with EcoBl and HindJIl. Plasmid 
.pRKCT^Fci, encoding the extracellular domain of CD4 
fused to the hinge and Fc region of human IgG x heavy chain 
(19), was digested with EcoRl and Nde I to remove most of 
the CD4 sequence while retaining the IgGi sequence. The 
TNFR-encoding fragment was then inserted 5' of the IgGx 
sequence and in the same reading orientation by ligating the 
respective EcoRl sites and by blunting and ligating the 
Hindm and Nde I sites. The remaining CD4 sequence was 
removed to create the exact junction between threonine-171 
of TNFR and aspartic acid-216 of IgGx heavy chain by 
ohgonucleotide-directed deletional mutagenesis, using syn- 
thetic oligonucleotides complementary to the 24 nucleotides 
at the borders of the desired TNFR, and IgGi fusion sites as 
primers and the plasmid described above as a template (18). 
The final DNA construct was sequenced to confirm the 
correct primary structure. The mature TNFR-IgG polypep- 
tide encoded by pRKTNFR-IgG thus contains 171 residues 
from TNFR and 227 residues from lgG x — i.e., a total of 398 

Abbreviations: TNF, tumor necrosis factor; TNFR, TNF receptor; 

^ F co " s i? n il egion; Vh ' h eavy-chain variable region; 
WR-IgG, fusion of TNFR with Igd heavy-chain hinge region and 

tStS 1 . H ir, < J2L r ?S? s; HIV ' human immunodeficiency virus; 
sTNFR, soluble TNFR. 
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Fig. 1. (A) Schematic structure of the human type 1 TNFR, 
human IgGi heavy chain, and TNFR-IgG. The extracellular (EC), 
transmembrane (TM), and cytoplasmic (CYT) domains of TNFR and 
the IgGi heavy-chain variable region (Vh) and constant region 
(domains C H 1. C H 2, and Cp3) are indicated. TNFR-IgG was con- 
structed by gene fusion of the extracellular domain of TNFR with the 
hinge region and C H 2 and C^3 domains of the IgGi heavy chain. 
Potential asparagine-lmked glycosylation sites (■) and disulfide 
bonds (S-S) (IgG protein only) are shown also. (B~D) Subunit 
structure and functional domains of TNFR-IgG. Human embryonic 
kidney 293 cells were transfected With a vector directing transient 
expression of TNFR-IgG. The protein was recovered from culture 
supernatants and purified by affinity chromatography on 5. aureus 
protein A. SDS/polyacrylamide gel electrophoresis was carried out 
under reducing Cane 1) or nonreducing (lane 2) conditions. The 
proteins were stained with Coomassie blue (B) or electt oblotted onto 
nitrocellulose paper and incubated with antibodies to human TNFR 
(C Left) or human IgG Fc (C Rlghi) or with 125 I-TNF-cr (1 nM) in the 
absence CD Left) or presence {D Right) of Unlabeled TNF-a (100 nM). 
Blots were developed with horseradish peroxidase-conjugated sec- 
ond antibody (C) or autoradiography (Z)). 

amino acids. TNFR-IgG was expressed in human embryonic 
kidney 293 cells by transient transaction with pRKTNFR- 
IgG by the calcium phosphate precipitation method as de- 
scribed (18). TNFR-IgG was purified to >95% homogeneity 
from serum-free cell culture supernatants by affinity chro- 
matography on Staphylococcus aureus protein A. TNFR-IgG 
was eluted with 50 mM sodium citrate, pH 3/20% (wt/yol) 
glycerol, and the pH was neutralized with 0.05 vol of 3 M 
Tris-HCl (pH 8-9). 



TNF Binding Assays. Binding of TNFR-IgG to TNF was 
analyzed essentially as described for CD4-IgG binding to 
HIV gpl20 (20). TNFR-IgG (1 Mg/nil) was immobilized onto 
microtiter wells coated with goat anti-human IgG Fc anti- 
body. Reactions with recombinant human ^I-labeled TNF-a 
( I25 I-TNF-a; radioiodinated by using lactoperoxidase to a 
specific activity of 19.1 ^tCi//tg; 1 /iCi = 37 kBq) were done 
in- phosphate-buffered saline (PBS) containing 1% bovine 
serum albumin for 1 hr at 24°C. Nonspecific binding was 
determined by omitting TNFR-IgG. In competition binding 
analyses, 125 I-iabeled TNF-a was incubated with immobi- 
lized TNFR-IgG in the presence of increasing concentrations 
of unlabeled TNF. The K& was determined from competition 
IC50 values according to the following equation: K& = IC50/ O 
+ [Tl/tf<rr). where [T] is the concentration of the tracer (0.1 
nM) and is the X d of the tracer determined by saturation 
binding (80 pM). 

TNF Cytotoxicity Assays. TNF cytotoxicity was assayed 
essentially as described (21). Murine L-M cells were plated in 
microtiter dishes (4 x 10 4 cells per well) and treated with 
actinqmycin D (3 Mg/ml) and TNF-a or TNF-jS (1 ng/ml) in 
the absence or presence of TNFR-IgG or other inhibitors. 
After 20 hr of incubation at 39°C, the cell survival was 
determined by a crystal violet dye exclusion test. 

Mouse Model for Septic Shock. Septic shock was modeled 
by endotoxin injection of 6- to 8-week-old female B ALB/c 
mice. Animals were injected intravenously (i.v.) with an 
LD l0 o dose of Salmonella abortus-derived endotoxin (175 jig 
per mouse) in phosphate-buffered saline (PBS), and survival 
was followed for at least 78 hr. Purified TNFR-IgG, or 
CD4-IgjG used as a negative control, were diluted in PBS and 
injected i.v. prior to or after endotoxin administration. 

RESULTS 

Subunit Structure of TNFR-IgG. TNFR-IgG was created by 
fusing complementary DNAs encoding the extracellular por- 
tion (amino acids 1-171) of human 55-kDa type 1 TNFR and 
the hinge region and constant region C H 2 and C H 3 domains 
(amino acids 216-443) of human IgGi heavy chain (Fig. L4). 
A vector directing mammalian expression of TNFR-IgG was 
introduced transiently into human kidney 293 cells to produce 
the molecule as a secreted protein. Taking advantage of the 
presence of an IgG Fc domain in TNFR-IgG, we used protein 
A affinity chromatography to recover and purify the protein 
from cell culture supernatants. We examined the subunit 
structure of TNFR-IgG by SDS/polyacrylamide gel electro- 
phoresis (Fig. 1 B-D). Under reducing conditions, a molec- 
ular mass of «*60 kDa was observed, whereas under nonre- 
ducing conditions, it was approximately doublet!, indicating 
that TNFR-IgG is a disulfide-bonded dimer (Fig. IB). Minor 
bands of higher molecular mass were observed also, suggest- 
ing some aggregation of TNFR-IgG. Western blot analyses 
showed reactivity of TNFR-IgG with antibody to the type 1 
human TNFR or to human IgG Fc (Fig. 1C) and showed 
specific binding of human ^-TNF-a (Fig. ID). Notably, 
^I-TNF-a did not bind to reduced TNFR-IgG, suggesting 
that intramolecular disulfide bonds in TNFR are required for 
binding to TNF-a. These results indicate a covalent homo- 
dimeric structure for,TNFR-IgG and the presence of func- 
tional TNF binding and antibody Fc domains in this protein. 

Binding of TNFR-IgG to TNF-a and TNF-0. To investigate 
the binding of TNFR-IgG to TNF-a and TNF-/3, we carried 
out saturation and competition binding analyses, using an 
assay in which TNFR-IgG was immobilized by binding of its 
Fc domain to anti-Fc antibodies coated on microtiter wells. 
Human 125 I-TNF-a bound to a single class of sites with an 
apparent dissociation constant (K<d of 80 ± 20 pM (Fig. 2 
Left). Human TNF-/3 was able to displace the binding of 
12 I-TNF-a completely, confirming previous observations 
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Fio. 2. Binding of TNFR-IgG to TNF-a and TNF-/9 . {Left) Saturation analysis of TNFR-IgG binding to human TNF-a Purified TNFR-IcG 
was ™obtoed in microliter wells i coated with anti-IgG Fc antibody and incubated with ta^a^^Sv^^^^ 

JSSta^^ by U 5 ng ^ fit ^ dete ™"y unweighted \^^SS^ 

TO^IgC^^^ recombinant human TNF-a (o), human TNF-0 (a), and murine TNF-a (o). 

iiNfjv lgvj was incubated with 100 pM I-TNF-a m the presence of increasing concentrations of unlabeled competitor. 

that both TNFs bind to type 1 TNFR (4-8) . A K d of 550 ± 100 
pM was observed for TNF-0 and a K d of 75 ± 5 pM was 
observed for murine TNF-a (Fig. 2 Right). Notably, the K 6 
for binding of TNFR-IgG to TNF-a was significantly lower 
than values reported for type 1 cell-surface or soluble TNFR 
(sTNFR) (470-660 nM) (4-6). Thus, TNFR-IgG appears to 
bind to TNF-a with 6- to 8-fold higher affinity than type 1 cell 
surface TNFR or sTNFR. This higher affinity may be due to 
a multivalent interaction between TNFR-IgG and TNF-a, as 
the structure of TNFR-IgG is dimeric (Fig. 1) and the 
structure of TNF-a is trimeric (22r-24). Indeed, saturation 
analysis in solution, in which complexes of 125 I-TNF-a and 
TNFR-IgG were precipitated quantitatively with protein A, 
showed a molar binding ratio of trimeric TNF-a and TNFR- 
IgG of 1.25 ± 0.05:1 (not shown). These results are consistent 
with the possibility that the two TNFR domains of a TNFR- 
IgG molecule interact with one TNF-a trimer, which may 
result in a more stable binding interaction. Alternatively , only 
one of two TNFR domains in TNFR-IgG may interact with 
a TNF-a trimer; this is less likely, however, since it would not 
be expected to result in higher binding affinity. 

TNFR-IgG Blocks the Cytolytic Actions of TNF-a and 
TNF-p in Vitro. To test the ability of TNFR-IgG to antagonize 
TNF activity in vitro, we investigated the effect of TNFR-IgG 
on the induction of cell lysis by TNF-a in actinomycin 
D-treated murine L-M cells (Fig. 3 Left). While no inhibitory 
effect was observed with CD4-IgG, TNFR-IgG was able to 



block cell killing completely, with 50% inhibition (IC 50 ) 
c>ccurring at 0.5 ptg/ml (5 nM). For comparison, we tested 
type 1 sTNFR and found an IC50 of 3.5 /-tg/ml (120 nM). In 
addition, we tested the activity of two highly neutralizing 
monoclonal antibodies to human TNF-a (25) and found an 
ICio of =3.5 fxg/nA (**21 nM). Thus, on a molar basis, 
TNFR-IgG was 24-fold more efficient than sTNFR and 
4.2-fold more efficient than anti-TNF-a antibodies in block- 
ing the cytolytic action of TNF-a. We tested also the ability 
of TNFR-IgG to block the cytolytic activity of TNF-/3 (Fig. 
3 Right). Complete inhibition of cell killing was achievable, 
with an IC 50 of 1.5 M g/ml (15 nM). Thus, TNFR-IgG was less 
efficient by a factor of 3 in blocking TNF-/3 than TNF-a, 
consistent with its lower affinity for TNF-0. These results 
show that TNFR-IgG acts as a full antagonist in vitro against 
both types of TNF. 

TNFR-IgG Protects Against Septic Shock in Mice. To in- 
vestigate the ability of TNFR-IgG to act as a TNF antagonist 
in vivo, we used a model for septic shock in mice (Fig. 4). In 
animals receiving an LD 100 dose of endotoxin, complete 
lethality was observed within 48 hr. Injection of TNFR-IgG 
0.5 hr prior to endotoxin administration prevented lethality at 
a TNFR-IgG dose of 20 jig per mouse and provided partial 
protection at lower doses, whereas CD4-IgG had no signifi- 
cant effect (Fig. 4 Left). We investigated the temporal relation 
of TNFR-IgG and endotoxin injection also (Fig. 4 Right). 
Injection of 10 fi% of TNFR-IgG per mouse provided signif- 
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Fio. 4. Inhibition of endotoxin-induced lethality in mice by TNFR-lgG. (Left) Effect of the dose of TNFR-IgG on endotoxin-induced 
lethality. Mice (n = 10) were given an i.v. injection of TNFR-IgG at a dose per mouse of 20 (□), 4 fig (a), and 0.8 fxg (a) or CD4-IgG at 4 
W per mouse (o). Thirty minutes later, the mice were given an i.v. injection of endotoxin. Survival data is shown for the first 78 hr and remained 
unchanged for at least another week. (Right) Effect of the time of administration of TNFR-IgG in relation to the time of endotoxin challenge 
Mice (n = 6) were given i.v. injection of endotoxin only (o) or of TNFR-IgG (10 ^g per mouse) 0.5 hr before (a), 0.5 hr after (a), 1 hr after (•) 
or 2 hr after (4) administration of endotoxin. 



icant protection 0.5 hr before, 0.5 hr after, or 1 hr after 
endotoxin injection but little protection 2 hr after endotoxin 
injection. These data show that TNFR-IgG can prevent or 
significantly delay endotoxin-induced lethality in mice when 
given prior to or shortly after endotoxin challenge. 

DISCUSSION 

Our results show that TNFR-IgG, a molecule that combines 
the TNF binding function of the extracellular portion of type 
1 TNFR with the dirneric structure of IgG, is a potent TOF 
antagonist. At the molecular level, TNFR-IgG exhibits sig- 
nificantly higher affinity for TNF-a than monomelic cell 
surface or soluble TNFR, and a molar binding ratio of 1.25:1 
TNF-a trimer to TNFR-IgG suggests that this higher affinity 
may be due to bivalent binding to TNF-a. 

At the cellular level, TNFR-IgG blocks the cytolytic action 
of TNF-a or TNF-/3 in murine L-M cells completely, and is 
markedly more potent than sTNFR or anti-TNF-a monoclo- 
nal antibodies in blocking TNF-a. The difference in TNF-a 
binding affinity between TNFR-IgG and sTNFR probably 
contributes to the differential efficiency of these forms of 
TNFR in blocking the TNF-a cytolytic activity. However, 
the difference between TNFR-IgG and sTNFR in blocking 
TNF-a (24-fold) is significantly greater than the difference in 
affinity (6- to 8-fold). Previous work with anti-TNFR anti- 
bodies showed that bivalent but not monovalent antibody 
fragments can activate TNFR (26), indicating that a TNF-a 
trimer may trigger signal transduction by cross-linking two 
cell surface TNFR molecules. Therefore, the ability of 
TNFR-IgG to block two receptor binding sites on a TNF-a 
trimer simultaneously, thus rendering TNF-a unable to 
dimerize cell surface receptors, also may contribute to the 
greater efficiency of TNFR-IgG vs. sTNFR in blocking 
TNF-a. 

At the level of the whole organism, TNFR-IgG can prevent 
or protect against endotoxic shock in mice, depending on the 
dose and time of injection. This confirms the hypothesis that 
TNF-a is a key contributor to the septic shock syndrome, 
first suggested by the ability of anti-TNF-a antibodies to 
protect against septic shock (9, 10). The ability of TNFR-IgG 
to provide protection at the doses tested in this study appears 
limited to about 1 hr after endotoxin challenge. This is 
consistent with the finding that the rise in circulating levels of 
TNF -a in animals challenged with endotoxin or E. coli and in 
patients with septic shock is transient (13-17). Taken to- 
gether, these observations support the notion that the tran- 



sient increase in TNF-a following sepsis triggers a subse- 
quent cascade of events that can lead to the pathogenesis of 
shock and multiple organ failure. 

In the past few decades, major advances in the treatment 
of bacterial infections have been achieved, such as the 
development of powerful antimicrobial agents. Nonetheless, 
the number of cases with sepsis and the rate of mortality 
remain high (27). Recently, a monoclonal antibody to endo- 
toxin, derived from human sources, has been shown to be 
partially protective in patients with septic shock (28). An- 
other approach to the treatment of sepsis has been the 
administration of murine anti-TNF-a monoclonal antibodies 
(29). However, the use of murine antibodies in humans leads 
to the generation of anti-murine antibodies (29), which could 
hamper the action of the anti-TNF-a antibodies during re- 
peated or chronic administration. 

The observation that TNFR-IgG provides protection 
against endotoxin-induced lethality when given before and 
shortly after endotoxin administration suggests that this 
molecule may offer clinical potential both prophylactically in 
patients at high risk of sepsis and therapeutically in patients 
with shock. In contrast to murine anti-TNF-a antibodies, 
TNFR-IgG is derived from human proteins and therefore is 
expected to be much less immunogenic in humans, as indeed 
is the case for the similarly constructed CD4-IgG (A.A. and 
DJ.C, unpublished results). In addition, the increased af- 
finity of TNFR-IgG for TNF-a appears to confer greater 
efficiency in blocking TNF-a in vitro, as compared with 
sTNFR or anti-TNF-a antibodies, although this remains to be 
investigated in vivo. Finally, since the rise in circulating 
TNF-a is subsequent to the occurrence of endotoxemia, it 
may be possible to extend the time window for treatment of 
septic shock by combination therapy with anti-endotoxin 
antibodies and anti-TNF-a agents such as TNFR-IgG. 

We thank David Peers for help in TNFR-IgG purification, Greg 
Bennet for anti-TNFR antibodies. Kathy Kosewic and Laura Clos- 
key for assay support, Dr. Chris Clark for comments on the manu- 
script, and Carol Morita for graphics. 
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THE first step in infection by the human immunodeficiency virus 
(HIV) is the specific binding of gpl20, the envelope glycoprotein 
of HIV, to its cellular receptor, CD4 (see ref. 1 for review). To 
inhibit this interaction, soluble CD4 analogues that compete for 
gp!20 binding and block HIV infection in vitro have been 
developed 2 "*. To determine whether these analogues can protect 
an uninfected individual from challenge with HIV, we used the 
chimpanzee model system of cell-free HIV infection. Chimpanzees 
are readily infected with the IIIB strain of HIV-1, becoming 
viraemic within about 4-6 weeks of challenge, although they do 
not develop the profound CD4 + T-cell depletion and 
immunodeficiency characteristic of HIV infection in humans 9 . CD4 
immunoadhesin (CD4-IgG), a chimaeric molecule consisting of 
the N-terminal two immunoglobulin-like regions of CD4 joined 
to the Fc region of human IgGl (refs 8, 10), was selected as the 
CD4 analogue for testing because it has a longer half-life than 
CD4, contributed by the IgG Fc portion of the molecule. In humans, 
this difference results in a 25-fold increased concentration of 
CD4-IgG in the blood compared with recombinant CD4 (ref. 11). 
Here we report that pretreatment with CD4-IgG can prevent the 
infection of chimpanzees with HIV-1. The need for a preventative 
agent is particularly acute in perinatal HIV transmission. As 
recombinant CD4-IgG, like the parent IeG molecule, efficiently 
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immune state in a fetus before HIV transfer occurs, thus preventing 
infection. 

Two chimpanzees were pretreated with CD4-IgG (5 mgkg" 1 
given intravenously (i.v.)) at 8 h and 1 h before challenge, then 
inoculated with 120 tissue culture infectious doses (TCID 50 s) 
of HIV-1 IIIB (30 chimp infectious doses). After challenge, the . t _ 
animals received further CD4-IgG treatment for 9 weeks. A ^ 
control animal was similarly challenged but not treated. This 
dose of HIV-1 IIIB is expected to result in seroconversion of® 
all untreated animals within 9 weeks (see, for example, ref. 12).^v 
The serum concentrations of CD4-IgG were predicted from th'ej^f. 
known human pharmacokinetics and checked by enzyme -linked® 
immunosorbent assay (EL1SA) where indicated (Fig. 1). Thew 
serum concentrations of CD4-IgG attained during the first 2$l r 
days of treatment were estimated to be 50-200 u.g ml" 1 , and over 'fjfc 
the next 5 weeks were predicted to be 5-120 u-gmP-; trough'^ 
concentrations were confirmed by ELISA. When doses were^St- 
glven i.v. (week 6 onwards), the predicted concentrations of 
0.5-200 u.g ml" 1 were confirmed by ELISA. Treated animals.^; 
were also monitored for the development of antibodies to CD4^||- 
IgG by indirect ELISA. Chimpanzee 37 transiently showed just 
detectable antibody levels at weeks 7-13 (not shown). Chimpan?^|: 
zee 43 had no detectable antibody response. 

Chimpanzees were monitored for HIV infection by detection*?^ 
of virus and by analysis for seroconversion. Virus was detected"'^'; 
by a viral epeuhure assay, in which p24 production wasli- 
measured, and* by the polymerase chain reaction (PCR). Thf||[ 
development of antibodies to HIV proteins was assessed byjj|- 
western blot and ELISA whole-virus based assays. The control j|| 
animal became infected 3 weeks after challenge, as shown byffl 
viral cocukure (Table 1), and virus could be detected by PCR'||| 
at 11 weeks. Antibody to the viral protein p24 became evident^ 
in this animal by western blot at week 7 (Fig. 2), and subyM 
sequently antibodies to other viral proteins, including gpl26/||f 
were detected. The animal showed seroconversion to HIV ty-Mf 
ELISA at week 7 (Table 1). By contrast, the CD4-IgG-treated3g" 
animals have not shown any signs of infection, after 47 weeks?^ 
A single sample from animal 37 (week 23) was positive in two&£ 
of three PCR assays using a gag primer pair (Table 1), but ; M 
negative using a pair of e/7i;-derived primers of identical sensitiv- 
ity (Table 1 legend). Further samples from the-^ame animal up:0 
to week 47 have repeatedly assayed negative by both PCR and |g 
viral culture. It thus seems that both treated animals were 
protected from infection. %v 
Immunization with recombinant gpl20 (ref. 13) or successive ig- 
immunization with a variety of immunogens including the V3 fjjf^ 
loop of gpl20 (ref. 14) can induce protective immunity in *'^|; 
chimpanzees against later challenge with HIV-1 IIIB. But pas- jy 
sive protection from HIV infection has not been previously 
shown. Protection of chimpanzees against HIV-1 by p retreat- 
ment with a single high dose of purified hyperimmune gamma-. ' 
globulin (HIVIG) obtained from AIDS patients has been 
observed (A.M. P. et al, manuscript in preparation). The control 
animal described here was shared with the HIVIG study. In our 
study, treatment with CD4-IgG continued for 9 weeks, in con- 
trast to the single dose of HIVIG. Further work is needed to 
determine the necessary dose and length of treatment with 
CD4-lgG. 

Azidothymidine (AZT), the only drug currently approved for 
the treatment of AIDS, has not yet been shown to prevent 
infection by HIV or simian immunodeficiency virus (SIV) in 
animal models, whether given before 15 or after 16 virus challenge, 
although it does delay the spread of infection. It is unclear 
whether AZT can prevent infection after accidental challenge 
with HIV or maternal-fetal transfer in humans; AZT failures 
in both forms of challenge are known 17,18 . Clinical trials to 
address these issues are under way. 

Although our results, and those of others (A.M. P. et al, 
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Animal 62 (control) 



Week 


PL ISA 




rL*rt 


ELISA 


0 


<400 


— 


ND 


<400 


1 


<400 


— 


— 


<400 


2 


<400 


— 


- 


<400 


3 


<400 


+ 


— 


<400 


5 


<400 


+ 


ND 


<400 


7 


400 


+ 


ND 


<400 


9 


6400 


. + 


ND 


■<400 


a 


3200 


+ 


+ ' 


<400 


13 


>6400 


+ 


+ 


<400 


15 


6400 . 


+ 


+ 


<400 


19 


12800 


+ 


+ 


<400 


23 


12800 


+ 


+ 


<400 


27 


12800 


+ 


+ 


<400 


31 


12800 


+ 


+ 


<400 


35 


>6400 


+ 


+ 


<400 


39 


12800 


+ 


+ 


<400 


43 


>6400 


+ 


+ 


<400 


47 


>6400 


+ 


+ 


<400 



TABLE 1 Detection of HIV infection 



Animal 37 (CD4-lgG) 
p24 



Animal 43 (CD4-lgG) 
p24 



PCR 
ND 



ND 
ND 



PCR ELISA 

NO <400 
<400 
<400 
<400 

ND <400 
<400 

ND <400 
<400 
<400 
<400 
<400 

+/- <400 

<400 
<400 
<400 
<400 
<400 
<400 



Detection of HIV infection by antibody EUSA and viral culture Antibodv titres ac»in<it hiv 1 .~,~\ . ~ ^ * • . ^ . 

ELISA (Genetics Systems). Cultivation of HV was dof^i*££S??4 ^^ISS^^^^T^-^ * ?T nwM ,,c ! ui ?-P hase 
column). For PCR analysis (third column). DNA was extracted f rom perSr*^^^ 

2.5mMMgClj, 1% Tween-20. 1% Nonidet P^0 and 120 rt mr* proteinase K) TysaTwas^bated a fm*S i h =1 . ? . 1""?' PH83 ' 
chloroform. The resulting DNA was solubilized in 25 mM Tris-HCI. pH7.5. PCR was *S es«r.K a ^SescrSd bv sli Phen °' ** 

SK 38/39 primer pair, which is specific for the nucleotide sequence of the 024^^^^^^^^*^? for 35 cyc es. us.ng the 
based on titration Using the Perkin-Bmer H.V-1 PCR kit Liquid hybridization was done to Sect ^^^125^1^ '"• ^ 
with 1.25 ng M P-labelled SK19 probe (specific activity 10 T ufi" 1 ) and 1 25 id React huff., S aEn tZ J? • , Amplified sample (10 m-0 was incubated 
a. 56<C for 30min and centrifuged brief*, ioading buffer wis S aJ^^^ ™* >«*»■« 

detected by autoradiography. The sample from animal 37 (week 23) was also >Zg££ ^CR an£sis ^S^S^^^S^*!^ T 
with probe SK70. with negative results. DNA (1-3 ^g) in 1.5 mM MgCL 10 mM Tris-HCI dH sf2nTS 2^ by h y br,d,zat,on 

1 unit T Sq pcymerase was amplified 40 times in a cycte consisting of 94^ 1 min K * 1^ 1 ?2? T primBr and 

identical to that of the SK38/39 pair described above (10 copies). 1 ' ™* sens,t,v,t y of this PCR reaction is 

ND. not determined. 



whether CD4-IgG itself will be clinically effective in this mode. 
It will be important to test the ability of CD4-IgG to protect 
against HIV-1 infection using different strainsof HIV-l,assome 
primary patient isolates of HIV-1 are considerably less sensitive 
than HIV-1 IIIB to inhibition by CD4 derivatives". Also, the 
challenge was given as cell-free virus; cell-associated virus may 



be more difficult to inhibit. Nevertheless, these results offer hope 
for the use of CD4-IgG in the prevention of HIV infection in 
unborn infants. Currently 15-45% of the infants born to HIV- 
infected women are themselves infected (see, for example, ref. 
21), and no drug is known to decrease transmission. Although 
there is as yet no definitive information on the time at which 
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FIG. 1 Predicted blood concentrations of CD4-IgG over the 
course of treatment CD4-lgG (5 mg per kg bodyweight) was 
given i.v. for the first three doses {-8, -1 and +24 h postchal- 
lenge). For the following 5 weeks, daily injections of 
2-5mgkg- 1 CD4-!gG were given intramuscularly (i.m.). On 
days when the animals were anaesthetized for blood sampling 
Ways 7, 14 and 21), a 5 mg kg" 1 dose was given i.v. {*}, on 
oay 35 a 2.5 mg kg -1 dose was given i.v. In weeks 6-9. an 
'•v. dese of 6 mgkg" 1 was given once per week to reduce 
we stress on the animals. Weights for chimpanzees 37 and 
rL Wefe 63 and 43 kg * res P*cfoe\y. The concentration of 
u)4-lgG was estimated by assuming that chimpanzee phar- 
jjacokinetics closely mimic those observed in humans (T. 
H °ages, J. D. Allan, J. Kahn and J. Groopman, personal com- 
munication). as the body weights are close. For i.v. administra- 
«on the CD4-lgG serum concentrations <C) were predicted 
°y dose-adjusting the pharmacokinetics observed in humans 
flowing Imgkg- 1 i.v. bolus injection, which are given by 
£fa rm-*)«i7.5e ( - w « rt +3.1 e™« where time (0 is 
« nours. using a multiple dose simulation routine 21 . For i.m. 
cmmistratioa a 9-h adsorption half-life and 25% bioavaila- 
were assumed. Squares and circles show serum con- 
in a ° f CD4 " , S G in chimpanzees 43 and 37, respectively, as measured 

Dorr wich ELISA usinfi two monoc, o n a 1 antibodies to the C04 

m rcon of the molecule. The first antibody was passively adsorbed into 
*'.en microtitre plates in NaHC0 3 buffer (0.05M), pH 9.6, overnight at 4 
«.« . w .3 shin g 3 times with PBS containing 0.05% Tween-20 (wash buffer). 

w * uOtlOCC^. WAR ht.TrLoH with DOC *.»~t^: r\ tn/. r»n * • *\ r>r-r>, . 



HIV challenge 
120TCIO»HIV-1 IIIB 



End or recombinant 
CD4-lgG treatment 



1000- 



Oose of 
CD4-lgG: 

(mg kg-') 

Route: 




0.001 



90 days 



5 (-Sh) 
5(-lh) 



i.v. i.v. 



2.5 (Daily) 



i.m. 



i.v. 



i.v. 



20 for 1 h at room temperature and washed again. Standards controls and 
samples diluted in primate serum diluent were added for 2 h at room 
temperature. After washing 3 times in wash buffer, the second antibody, 
conjugated, to horseradish peroxidase, was added for 1 h at room tem- 
perature. Orthophenylene diamine was used as a substrate and plates were 
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Prevention of HIV-2 and SIV 
infection by passive immunization 
in cynomolgus monkeys 

Per Putkonen, Rigmor Thorstensson, 
Lili Ghavamzadeh, Jan Albert*, Kerstin Hild, 
Gunnel Biberfeld & Erling Norrbyt 

Department of Immunology and * Department of Virology, 
National Bacteriological Laboratory, S-10521 Stockholm, Sweden 
t Department of Virology. Karolinska Institute, 
S-10521 Stockholm, Sweden 

Infection of macaques with simian immunodeficiency vinisfl 
(SIV) 1 ' 2 and human immunodeficiency virus type 2 (HIV-2) 3 * 4 are fi; 



-t. 

v*. 

it: 



useful models for studies of immunotherapy and vaccination 
against HIV as well as for testing of antiviral drugs. Vaccine?*. 



iL° .1. .1 2 3 5 6 7 8 9 1011 13151923, 
h Day Weeks 

FIG. 2 Western blot seroanalysis of treated (numbers 37 and 43) and control 
(no. 62) chimps. Samples of serum taken at different times during the 
protocol were diluted and incubated with commercial (Bio-Rad) western blot 
strips. The strips were incubated with alkaline phosphate-coupled anti- 
human IgG (Cappel) and developed using a phosphatase substrate system 
(Kirkegaard and Perry Laboratories) under conditions recommended by the 
manufacturers. Samples up to week 47 post-challenge gave identical results 
(not shown).' 



fetal infection occurs, an analogy with hepatitis B infection 
would suggest that most infection occurs late in the third 
trimester of pregnancy or around the time of delivery. CD4-IgG, 
like the parent IgG molecule, is transported across the placental 
barrier during pregnancy in a rhesus monkey model 9 . Thus it 
may be possible to provide a protective level of CD4-IgG in 
the fetus before infection with HIV occurs. □ 
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Research showing protective immunity in immunized monkeys 4 " 1 ?.;^, 
has indicated that it will be possible to develop a vaccine for W 
prevention of humanHIV infection, although many hurdles remain,^ 
The design of an HIV vaccine would be helped if the basis of the#? 
protective immunity could be elucidated. Passive immune pro-^p- 
phylaxis offers a means to determine the relative role of antibodies % f : 
in protection against infection. We have studied whether a transfer % 
of antibodies can prevent HIV-2 and SIV im (SIV of sooty^ 
mangabey origin) infection in cynomolgus monkeys. Sera whh*| : 
high antibody titres were collected, heat-treated and injected intojjl j 
naive animals 6 h before challenge with 10-100 monkey-infectious ^ - 
doses of live homologous virus. All control animals treated with J§' 
normal monkey serum (n = 6) or no serum (n = 39) became infected 1|: 
by the challenge virus, whereas five out of seven animals pretreated 
with antibody-containing serum at a dose of 9 ml kg -1 resisted j^f 
infeclion. Thus passively transferred antibodies can protect against 
a low-dose lentivirus challenge in a nonhuman primate. 

Two anti-HIV-2 serum pools were obtained from a cynomol- ^ 
gus monkey (A5) (Macaco, fascicularis) which earlier had been||; 
immunized with an inactivated whole-virus vaccine and protec- 7 &| 
ted against a homologous HIV-2 challenge 4 . This monkey (A5)'M 
received five intramuscular 100 u.g doses of whole, inactivated ^ 
HIV-2 SBU6669 emulsified in incomplete Freund's adjuvant on ||; 

Si 

— Hi 

TABLE 1 Antibody titres in serum pools used for passive immunization of 

cynomolgus monkeys ^ l 



Titres of antibodies in: 



■ Sample 

Anti-HIV-2 serum pool 1 
Anti-HIV-2 serum pool 2 
Anti-SlV sm serum pool 



Whole 
antigen 
EUSA 

70,000 
270,000 
58,000 



V3 
peptide 
ELISA 

1,100 
4.800 
10,000 



Neutraliza- 
tion 
assay 

1,280 
2.560 
80 



.-'■Si 



r 



The serum pools had antibody reactivity to gag- pot- and env-encoded 
structural proteins as detected by immunoblotting using antigen preparation 
of HIV^sgL.gggg (data not shown). The antibody content of serum pools and 
passively immunized animals was determined in whole HlV^s^.ee^ viral 
lysate ELISA 15 and in homologous V3 peptide ELISA 16 . The V3 peptide assay 
was included for antibody determination because a recent study 17 has 
demonstrated immunogenic dominating linear sites of HIV-2 S8t . 666 9 with 
capacity to induce neutralizing antibodies and cytotoxic antibodies in this 
region. The neutralizing antibodies were determined by incubation of twofold 
dilutions of serum and a stock virus preparation of HlV^se^gees or SIV sm 
before addition of HUT-78 cells. The supernatants were analysed in an 
H1V-2/SIV antigen assay 18 after 7 days in culture. The neutralizing titre was 
defined as the reciprocal of the highest dilution giving a 50%. reduction in 
absorbance value in the antigen assay. Sera collected from the monkeys 
before passive immunization were used as negative controls in the serologi- 
cal assays. 
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Mechanisms of Receptor-Mediated Rhinovirus Neutralization 

Defined by Two Soluble Forms of ICAM-1 
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The majority of human rhinoviruses use intercellular adhesion molecule 1 (ICAM-1) as a cell surface 
receptor. Two soluble forms of ICAM-1, one corresponding to the entire extracellular portion [tICAM(453)] 
and one corresponding to the two N-terminal immunoglobulin-like domains [tICAM(185)], have been 
produced, and their effects on virus-receptor binding, virus infectivity, and virus integrity have been examined. 
Results from competitive binding experiments indicate that the virus binding site is largely contained within the 
two N-terminal domains of ICAM-1. Virus infectivity studies indicate that tICAM(185) prevents infection by 
direct competition for receptor binding sites on virus, while tICAM(453) prevents infection at concentrations 
10-fold lower than that needed to inhibit binding and apparently acts at the entry or uncoating steps. 
Neutralization by both forms of soluble ICAM-1 requires continual presence of ICAM-1 during the infection 
and is largely reversible. Both forms of soluble ICAM-1 can alter rhinovirus to yield subviral noninfectious 
particles lacking the viral subunit VP4 and the RNA genome, thus mimicking virus uncoating in vivo, although 
this irreversible modification of rhinovirus is not the major mechanism of virus neutralization. 



The majority of human rhinoviruses, the major causative 
agent of the common cold, utilize intercellular adhesion 
molecule 1 (ICAM-1) as a receptor on host cells (11). 
ICAM-1 is an integral membrane protein with a large N-ter- 
minal extracellular portion, a transmembrane anchor, and a 
short C-terminal cytoplasmic domain.. The normal physio- 
logical function of ICAM-1 is to serve as a membrane-bound 
ligand of the leukocyte integrin lymphocyte function-associ- 
ated antigen 1 (LFA-1) and mediate intercellular adhesion 
between leukocytes and a variety of cell types (17, 18, 33). 
The protein has sequence homology with members of the 
immunoglobulin supergene family, and its extracellular do- 
main can be divided into five immunoglobulin-like domains 
(32, 35). Electron microscopy (34) has indicated that 
ICAM-1 is a highly elongated molecule. 

The 3-dimensional structure of two rhinovirus serotypes 
have now been determined to atomic resolution by Ross- 
mann and colleagues (15, 25). The virion is composed of a 
protein capsid of 60 protomeric units, consisting of the four 
protein subunits (VP1 to VP4), surrounding an RNA ge- 
nome. Each of the 60 protomeric units possesses a recessed 
canyon that is likely to contain the receptor binding site (for 
a review, see reference 24). The dimensions of the canyon 
are such that it is too small to admit the combining site of an 
antibody but is apparently large enough to admit the virus 
binding site of ICAM-1. The precise extent of the virus 
binding site on ICAM-1 remains to be determined, although 
results from mouse-human chimeras and site-directed muta- 
genesis indicate thaf the N-terminal domain plays a major 
role in virus binding (20, 34). and a molecular model has been 
developed for the interaction of the N-terminal domain of 
ICAM-1 with the rhinovirus canyon (9). Detergent-solubi- 
lized transmembrane ICAM-1 binds to rhinovirus in solution 
(11), and a truncated form of ICAM-1 consisting of the 
extracellular domain binds to and neutralizes rhinovirus (19). 
In an effort to further understand the molecular basis of 



* Corresponding author. 



rhinovirus-ICAM-1 interaction and to determine the mech- 
anism by which soluble ICAM-1 neutralizes rhinovirus, we 
have produced two truncated soluble forms of ICAM-1. In 
this report, the properties of these proteins are described and 
their abilities to inhibit rhinovirus-receptor binding and 
infectivity are compared. These data indicate that there are 
three distinct mechanisms by which soluble ICAM-1 pre- 
vents virus infection and have implications for the role of the 
receptor in virus uncoating within host cells. 

MATERIALS AND METHODS 

cDNA constructions. Modified forms of the ICAM-1 cDNA 
were created by polymerase chain reaction (29) by using the 
full-length ICAM-1 cDN A pHRR-2 (11) as template. Plasmid 
DNA was digested with EcoRl to excise the ICAM-1 insert 
and treated with alkaline phosphatase to prevent recircular- 
ization of the vector in subsequent ligation steps. Template 
DNA (10 ng) was subjected to 10 cycles of polymerase chain 
reaction amplification with the 5' oligonucleotide primer 
GGAATTCAAGCTTCTCAGCCTCGCTATGGCTCCCAG 

CAGCCCCCGGCCC and the following 3' oligonucleotide 
primers: GGAATTCCTGCAGTCACTCATACCGGGGGG 
AGAGCACATT for tICAM(453), TTCTAGAGGATCCTC 
AAAAGCTGTAGATGGTCACTGTCTG for tlCAM(284), 
TTCTAGAGGATCCTCAAAAGGTCTGGAGCTGGTAGG 

GGG for tICAM(185), and TTCTAGAGGATCCTCACCGT 
TCTGGAGTCCAGTACACGG for tICAM(88). The poly- 
merase chain reaction products were digested with either 
£coRl [tICAM(453)j or EcoRl and BomHl ftICAM(284), 
tICAM(185), and tICAM(88)] and cloned into the polylinker 
site of Bluescript SK+ (Stratagene). Clones containing the 
desired inserts were verified by restriction analysis and DNA 
sequencing. The inserts were excised by digestion with 
//f/idlll- and Xbal and inserted into the expression vector 
CDM8(30). 

Transfections and analysis of secreted proteins. For tran- 
sient expression, COS cells were transfected by the DEAE- 
dextran method (16) and labeled 72 h after transfection with 



6015 



6016 GREVE ET AL. 



J. Virol. 



[ 35 S]cysteine in cysteine-free Dulbecco's modified essential 



medium (DMEM)-2% fetal calf serum for 18 h; culture 
supernatants were then immunoprecipitated with the anti- 
ICAM-1 monoclonal antibody c78.4 immunoglobulin G 
(IgG)-Sepharose and analyzed by sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis (SDS-PAGE) as de- 
scribed previously (11). Stable CHO transfectants were 
obtained by cotransfection of ICAM-1 cDNAs with pSV2- 
dihydrofolate reductase into dihydrofolate reductase-defi- 
cient CHO cells by the calcium phosphate method or by 
electroporation (3). Transfected cells were cloned, and indi- 
vidual clones secreting ICAM-1 protein were identified by 
radioimmunoassay (RIA) of culture supernatants. Cell lines 
secreting tICAM(453) (CT.2A) and tICAM(185) (CD12.1A) 
were selected for further study and were subjected to gene 
amplification in methotrexate-containing media (3). A clone 
derived from CT.2A (resistant to 100 nM methotrexate) and 
a clone derived from CD12.1A (resistant to 1 u,M methotrex- 
ate) were used for purification of soluble truncated proteins. 

RIA. Two monoclonal antibodies, c92.5 (which recognizes 
the same epitope as c78.4) and c78.5, define two distinct 
conformational epitopes on ICAM-1 (20). These two anti- 
bodies were utilized in an RIA for soluble ICAM-1. c92.5 
lgG was absorbed onto Immulon-1 (Dynatech, Inc.) micro- 
titer plates, the plates were blocked by treatment with a 
solution of 10 mg of bovine serum albumin (BS A) per ml-N 
buffer (10 mM HEPES [N-2-hydroxyethylpiperazine-N'-2- 
ethanesulfonic acid]-200 mM NaCl-1 mM CaCl 2 -l mM 
MgCl 2 [pH 7.5]), and the plates were incubated with ICAM- 
1-containing samples. The plates were then washed with N 
bufIer-0.05% Tween 20 and incubated with 125 l-c78.5 IgG 
(labeled with 125 I-Boiton-Hunter reagent), and the bound 
radioactivity was determined after the plates were washed 
and the radioactivity was solubilized with 1% SDS. The 
concentration of truncated ICAM-1 was determined by 
comparison with a standard curve of purified ICAM-1. 

Protein purification. ICAM-1 was prepared from detergent 
lysates of HE1 cells, and tICAM(453) and tICAM(185) were 
purified from culture supernatants of their respective CHO 
transfectant cell lines by monoclonal antibody affinity chro- 
matography as described previously (11) and then by either 
ion-exchange chromatography on Mono-Q for tICAM(453) 
with absorption in 10 mM Tris (pH 6.0) and elution with a 0 
to 0.5 M NaCl gradient or gel filtration on Superose-12 
columns (Pharmacia) for tICAM(185). Protein concentration 
was quantitated by amino acid analysis and by RIA. Amino 
acid analysis was performed on an Applied Biosystems 
model 420A amino acid analyzer. 

Hydrodynamic properties. The/ cxp // 0 values for truncated 
ICAM-1 proteins were determined from the apparent 
Stokes 1 radii (R s ) determined by gel filtration on a Super- 
ose-12 column calibrated with protein standards (ferritin, 
61.0 nm; catalase, 52,2 nm; bovine serum albumin, 35.5 nm; 
ovalbumin, 30.5 nm; and RNase A, 16.4 nm) and the 
calculated molecular weights of the core-glycosylated form 
of the proteins (determined by SDS-PAGE synthesized in 
the presence of swainsonin), as follows:/^ - 6mr)R s and./ 0 
« (v 2 + §v x °iv 2 ) m f min (frictional coefficient of solvated 
sphere), where f min = 6ttti(3Mv 2 /47t/V 0 ) 1 ' :i (frictional coeffi- 
cient of an unsolvated sphere). The following values are 
assumed: v, = 0.73 cm 3 /g (partial specific volume of pro- 
tein), v x i} = 1.0 cm 3 /g (partial specific volume of solvent), 8 = 
0.35 g of H-,0 per g of protein (solvation of protein). t\ = 0.01 
g/(cm • s) (viscosity of solvent), and v x {i = 1.0 em'/g (specific 
volume of the solvent). The molecular weights of tICAM 



(453) and tlCAM(185) were assumed to be 64,100.and 27,200, 
respectively. 

CD. Circular dichroism (CD) spectra were recorded on an 
AVIV model 62DS spectrometer. Protein solutions at ap- 
proximately 0.5 mg/ml in the indicated buffers were scanned 
at 20°C in a cell with a 0.1-cm path length. Five repetitive 
scans (1-nm interval, 1.5-nm bandwidth) were averaged, 
buffer-subtracted, and then smoothed for each spectrum. 
Molar ellipticity was calculated by using protein concentra- 
tions determined by amino acid analysis. The spectra for 
c92.5 IgG, tICAM(453), and tICAM(185) were collected in 
20 mM sodium phosphate buffer (pH 7.5), and the spectrum 
for ICAM-1 was collected in 0.1% octylglucoside-150 mM 
NaCl-10 mM sodium phosphate (pH 7.5). 

Vims binding assay. ICAM-1 (100 ng), purified as de- 
scribed previously (11) in the presence of 0.1% beta-octyl- 
glucoside, was absorbed to Immulon-4 (Dynatech) microtiter 
plates by 10-fold dilution into N buffer, and the plates were 
incubated overnight at 4°C. The ICAM-l-coated plates were 
washed, blocked with a solution of 10 mg of BSA-N buffer 
per ml, and then washed extensively with 0.1% Triton 
X-100-N buffer-1 mg BSA per ml. The absorbed ICAM-1 
was stably bound under these conditions and supported the 
binding of 35 S-HRV3. 35 S-HRV3 (2 x 10 5 cpm/ml) was 
preincubated with various amounts of ICAM-1 proteins for 
30 min at 34°C. A 0.1-ml portion of these samples was added 
to the wells of the ICAM-l-coated microtiter dish and then 
incubated for 3 h at 34°C. The plates were washed exten- 
sively, and the bound radioactivity was solubilized with 1% 
SDS and quantitated by scintillation counting; maximum 
binding ranged between 20 and 25% of input virus. 

Virus growth and infectivity assays. Human rhinovirus type 
3 (HRV3) was used as a prototype of a major receptor 
rhinovirus throughout this study because it has a higher 
affinity toward receptor than the more commonly used 
serotype, HRV14 (10). HRV3 (obtained from the American 
Type Culture Collection) and [ 35 S]methionine-labeied HRV3 
were propaaated in HeLa S3 cells and purified as described 
previously (11). [ 3 H]uridine-labeled HRV3 was prepared in 
the same. manner as [ 35 S]methionine-labeled HRV3, except 
that infected cells were labeled in DMEM-2% fetal calf 
serum containing 1 u,g of actinomycin C x and 100 p.Ci of 
[ 3 H]uridine per ml (Amersham). All infectivity assays were 
performed with HeLa S3 cells in DMEM-2% fetal calf 
serum. Viral plaque assays were performed by. incubating 
various dilutions of HRV3 with monolayers of HeLa cells in 
35-mm-diameter cluster wells (Costar) for 30 min at 34°C in 
a volume of 1 ml. The monolayers were then washed and 
overlayed with 0.5% agarose. (SeaPlaque; FMC Corp.) in 
DMEM-2% fetal calf serum, and plaques were scored after 
2 to 3 days of incubation at 34°C following staining with 
crystal violet (21). For measurement of infectivity at high 
multiplicity of infection (MOI) (see Fig. 3C), 0.1 ml of HRV3 
at 10 7 PFU/ml was preincubated with various concentrations 
of soluble ICAM-1 for 30 min at 34°C and then added to wells 
of a 96-well microtiter dish containing 10 4 HeLa cells^per 
well. The cultures were then scored after a single cycle of 
virus replication by staining with crystal violet (22) at 24 h 
postinfection and determining the optical density at 550 nm 
on a plate reader (Molecular Devices). All experiments were 
performed in triplicate, and the results were expressed as the 
concentration of ICAM-1 needed to reduce the optica 
density at 550 nm by 50%. Specific infectivity (PFU/cpm) 
was determined by plaque assay from the peak fractions of 
clearly resolved 149S, 135S, and 80S species. 
Sedimentation analysis of rhinovirus. Samples in 0.1 ml 
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were sedimented through 5 ml of 5 to 25% sucrose gradients 
(in N bufifer-1 mg of BSA per ml) at 225,000 x g in an 
SW50.1 rotor for 45 min at 4°C. Gradients were fractionated 
from the bottom into approximately 20 fractions. Apparent S 
values were determined by the rate of sedimentation relative 
to standards (catalase, 11.3S; glutamate dehydrogenase, 
22.6S; and rhinovirus, 149S). 

Dot blot analysis of viral RNA. Peak fractions from a 
sucrose gradient were precipitated with 1% polyethylene 
glycol-0.6 M NaCl (21), and the pellets were resuspended in 
0.1 ml of 1% SDS. RNase-free glycogen (Boehringer Mann- 
heim) was added as a carrier to a concentration of 200 u.g/rm\ 
and RNA was extracted essentially as described by Rueckert 
and Pallansch (27) from equal amounts of [ 35 S]methionine 
radioactivity (2,500 cpm, or approximately 10 ng of HRV3). 
Samples were applied to Gene Screen Plus filters (NEN) in 
dot blot apparatus as described previously (31). Filters Were 
then prehybridized with 2x SSC (lx SSC is 0.15 M NaCl 
plus 0.015 M sodium citrate)-5x Denhardt's solution-0.5% 
SDS-0.2 mg of salmon sperm DN A per ml for 1 h at 37°C and 
then hybridized with a *Y- 32 P-labeled oligonucleotide probe 
for nucleotides 455 to 471 of the positive (+) strand of 
HRV14 (5'-GCATTCAGGGGCCGGAG-3'; final concentra- 
tion of 2 ng/ml) for 18 h at 37°C. The blot was washed with 
2x SSC-1% SDS twice at 20°C and.|wice at 42°C before 
autoradiography. 

RESULTS 

Expression of soluble truncated forms of IC AM-1. ICAM-1 
cDNAs encoding soluble proteins were constructed by in- 
serting stop codons within the reading frame of the ICAM-1 
polypeptide. Thus, stop codons were inserted immediately 
before the first residue of the transmembrane domain, at the 
predicted ends of domains 1, 2, and 3, domains 1 and 2, and 
domain 1 to produce a series of progressively truncated 
proteins (Fig. 1A). The cDNAs were cloned into the expres- 
sion vector CDM8, transfected into COS cells for transient 
expression, and cotransfected with pSV2-dihydrofolate re- 
ductase into CHO cells for establishment of stable cell lines. 
In the experiment for which the results are shown in Fig. IB, 
the secretion of various forms of truncated ICAM-1 in 
transiently transfected COS cells was examined. The results 
indicated that the entire extracellular domain, tICAM(453), 
and the two N-terminal domains, tICAM(185), were effi- 
ciently secreted from transfected COS cells as species of 
80,000 Da and 43,000 Da, respectively (Fig. IB). The level of 
expression of domains 1,2, and 3 [tICAM(283)] was approx- 
imately 10-fold lower than those of the above-mentioned 
fragments, and the secreted protein was more heterogeneous 
in mobility on SDS-PAGE. Expression of domain 1 
[tICAM(88)] could not be detected in COS cells, and .alter- 
native constructs in which the stop codon was shifted to 
several sites N or C terminal to residue 88 also failed to 
produce detectable amounts of protein. In order to obtain 
sufficient quantities of protein for functional and structural 
studies, CHO cell transfectants were prepared, cloned, and 
subjected to stepwise gene amplification in increasing con- 
centrations of methotrexate. This resulted in the derivation 
of cell lines secreting 1.5 u.g of tlCAM(453) and 1.0 u.g of 
tICAM(185) per ml. A stable cell line expressing tlCAM(283) 
was not obtained, perhaps because the low level of secretion 
was at the limit of sensitivity of the immunoassay. The cells 
were adapted to serum-free media, and the secreted ICAM-1 
proteins were purified to homogeneity from culture superna- 
tants (Fig. 1C). 
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FIG. 1. Secretion of soluble ICAM-1 proteins. (A) Diagram of 
progressively truncated forms of ICAM-1 used in transfechon 
experiments. The crosshatched section indicates signal sequence, 
and the filled section indicates the transmembrane region. (B) 
Fluorograph of [ 35 S]cysteine-labeled products secreted by COS cells 
analyzed by SDS-PAGE. The loading of lanes containing 
tICAM(283) and tICAM(88) is 10-fold higher than the loading of 
other lanes. (C) Silver-stained gel of purified tICAM(453) and 
tlCAM(185) produced by CHO cell transfectants. In panels B and L, 
molecular weight markers <in thousands) are indicated on the left. 



Several of the physical properties of tlCAM(453) and 
tlCAM(185) were examined. Both proteins were quantita- 
tively immunoprecipitated by two monoclonal antibodies, 
c78.4 and c78.5, directed against two distinct conformation- 
dependent epitopes on ICAM-1 (data now shown), indicating 
that these epitopes were contained within the first two 
domains and providing evidence that the purified proteins 
were correctly folded. The Stokes radii of tlCAM(453) and 
tICAM(185) were 5.3 and 3.9 nm, respectively, and the 
frictional ratio, f/f u (the ratio between the observed and 
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FIG. 2. CD spectra of IgG and ICAM-1 proteins. (A) c92.5 IgG; 
(B) ICAM-1; (C) tICAM(453); (D) tICAM(185). Data were collected 
and analyzed as described in Materials and Methods. 



calculated factional coefficients), was 1.9 for both tICAM 
(453) and tICAM(185), indicating that both fragments of 
ICAM-1 are highly asymmetric and elongated molecules. CD 
spectra were obtained for the soluble forms of ICAM-1. A 
single minimum at 210 to 220 nm is indicative of the presence 
of p structure and should be seen in proteins containing 
immunoglobulin-like domains because of the extensive 
amount of (J structure in the immunoglobulin fold (38). As 
internal standards, spectra were collected for two members 
of the immunoglobulin supergene family of known 3-dimen- 
sional structure, 0-2-microglobulin (4) and a murine mono- 
clonal IgG (1). As expected, the spectra of p-2-microglobuhn 
(not shown) and IgG (Fig. 2A) possessed single minima at 
215 nm and 217 nm, respectively. The spectra of the two 
truncated proteins, tICAM(453) and tICAM(185), were sim- 
ilar to each other and to that of ICAM-1 (Fig. 2B, C, and D), 
with minima at 216 to 217 nm and a broad shoulder at 225 to 
230 nm, although the shoulder was more pronounced in 
tlCAM(185) than in tICAM(453). These CD spectra provide 
additional evidence that the soluble ICAM-1 proteins are 
properly folded and that they possess significant amounts of 
p structure. 

Inhibition of virus binding by soluble ICAM-1. To compare 
the effects of the soluble ICAM-1 proteins on virus-receptor 
binding, a competition binding assay was employed. Various 
concentrations of soluble competitor ICAM-1 proteins were 
incubated with 35 S-HRV3. and binding to ICAM-1 immobi- 
lized on microliter dishes was determined. As can be seen in 
Fig. 3A, both truncated forms of ICAM-1 inhibit HRV3 
binding at similar concentrations: tlC AM(453) and tICAM(185) 




jxM ilCAM 

FIG: 3. Inhibition of virus binding and vims infectivity by solu- 
ble forms of ICAM-1. (A) 35 S-HRV3 was preincubated with various 
concentrations of soluble ICAM-1 for 30 min at 34°C, and binding to 
immobilized ICAM-1 was determined as described in Materials and 
Methods. (B) Reduction in virus titer by soluble ICAM-1. Approx- 
imately 2 x 10 2 PFU of HRV3 was preincubated with soluble 
ICAM-1 in 1 ml, and virus titer was determined by plaque assay as 
described in Materials and Methods. (C) Inhibition of virus infec- 
tivity under conditions of the virus-binding assay. HRV3 at 10 
PFU/ml was preincubated with various concentrations of soluble 
ICAM-1 used to infect HeLa cells in a single-cycle, high-MOI 
infection (MOI, 100). Infectivity was determined after 24 n as 
described in Materials and Methods. tICAM(453), solid circles; 
UCAMQ85), open squares. Arrow indicates the concentration or 
ICAM-1 at which the data shown in Fig. 4 were obtained. 



at concentrations of 3.1 ± 1.8 u.M (n « 3) and 9.7 ± 3.2 pM 
{n = 3), respectively, inhibit the binding of 35 S-HRV3 by 50%. 

Inhibition of virus infectivity by soluble ICAM-1. The effect 
of soluble ICAM-1 on rhinovirus infectivity was examined 
under several different conditions (Fig. 3B and C; Table 1). 
In the experiment for which the results are shown in Fig. 3b 
and Table 1 (experiment I), HRV3 was preincubated with 
various concentrations of soluble ICAM-1, and virus titer 
was determined by a plaque assay in which soluble ICAM-1 
was present during the incubation of the virus with the HeLa 
cell monolayers. The concentration of tICAM(185) required 
to reduce infectivity by 50% (1C, U ) in this experiment was 5.3 
a-M, similar to the concentration needed to inhibit virus 
binding by 50%. In contrast, the IC 50 K> r infectivity oi 
tlCAM(453) was 0.4 nM, eightfold lower than its 1C 50 tor 
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TABLE 1. Neutralization of rhinovirus by soluble ICAM-1 



Experiment 0 


Presence of ICAM*1 
during: 


ic» 


Preincubation 


Infection 


tICAM(185) tICAM(453) 


I 


+ 


+ 


5.3 0.4 


11 




+ 


13.2 1.2 


. Ill • 


+ . 




>20 >20 



° Data for experiment I are shown in Fig. 3B, data for experiment n (high 
MOD are shown in Fig; 3C, and data for experiment III are described in the 
text. 

* See Materials and Methods for a description of each assay. 



vims binding. The 1C 50 for infectivity of tICAM(453) was 
13-fold lower than that of tICAM(185). Even though the 
binding experiments were performed in molar excess of 
ICAM-1 over receptor binding sites on rhinovirus (the con- 
centration of HRV3 in these experiments was approximately 
17 pM, and the concentration of potential receptor binding 
sites was 60-fold higher, or 1 nM), another infectivity exper- 
iment was performed in which the concentration of HRV3 
was identical to that in the binding experiments. Conse- 
quently, HeLa cells were infected at a high MOI in the 
presence of soluble ICAM-1 in a single-cycle infection (Fig. 
3C and Table 1 [experiment II]). Although the IC 30 values for 
tICAM(453) and tICAM(185) are approximately 3-fold 
higher in the high-MOI experiment than in the plaque assay, 
the relative difference in the IC 50 values between the two 
ICAM-1 species was approximately 11-fold, or essentially 
the same as in the low-MOI experiment. The difference in 
absolute IC 50 values between these two experiments may be 
due to a nonlinear relationship between infectious particles 
and infected cells at high MOIs. To determine if the neutral- 
ization of HRV3 was reversible, virus was preincubated with 
soluble ICAM-1 at 20 \M (a concentration known to reduce 
infectivity >9992>; see Fig. 3B), and the mixture was then 
diluted to negligible ICAM-1 concentrations for infection of 
HeLa cells. "The titers of tICAM(453)- and tICAM(185)- 
treated virus were 1.9 x 10 5 PFU/ml and 3.0 x 10 5 PFU/ml, 
respectively, compared with 3.6 x 10 s PFU/ml for control 
virus (Table L experiment III). Only marginal reduction of 
virus titer (<50%) was observed at 20 \xM soluble ICAM-1, 
indicating that the ICAM-l-mediated neutralization of rhino- 
virus is largely reversible; this reversibility is presumably 
due to simple dissociation of the virus-receptor complex 
upon dilution. 

Thus, the neutralizing activity of tICAM(185) is directly 
correlated with its ability to inhibit virus-receptor binding, 
while tlCAM(453) neutralizes rhinovirus at a concentration 
considerably lower than that necessary to inhibit binding and 
is presumably acting by a mechanism in addition to direct 
competition for receptor-binding sites on the virus. Neutral- 
ization of rhinovirus by both forms of ICAM-1 is largely 
reversible. 

Effect of soluble ICAM-1 on rhinovirus integrity. Samples 
of 3? S-HRV3 incubated with tICAM(453) and tICAM(185) 
under conditions similar to those in the binding and infectiv- 
ity experiments were analyzed by sedimentation through 
sucrose gradients. HRV3 incubated with 10 u,M tlCAM(453) 
separated into three peaks, 149S (cosedimenting with native 
virus). 135S. and 80S (Fig. 4A). The 149S and 135S peaks 
were infectious, with PFU/cpm ratios of 200 and 267 com- 
pared to a value of 200 for native HRV3. The specific 
infectivity of the 80S species was dramatically reduced to a 



A. 




FRACTION NUMBER 

B. 




FRACTION NUMBER 

FIG. 4*. Sedimentation analysis of HRV3 incubated with soluble 
ICAM-1. 35 S-HRV3 (10 3 cpm) was incubated with 10 (xM tlCAM 
(453) (A) or tICAM(185) (B) in N buffer-1 mg of JBS A per ml (pH 7.5) 
for 0.5 and 24 h at 34 C C. The mixtures were then sedimented through 
sucrose gradients as described in Materials and Methods, and the 
radioactivity in the fractions was determined by scintillation count- 
ing. Fractions are numbered from top to bottom of the gradient. 
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FIG. 5. Capsid protein composition ^^^J^gg 
forms of HRV3. Fractions from control ''S-HRV3 »d 149S 135S 
and 80S [from M S-HRV3 incubated wnh 10 jlM tlCAM(453)] were 
subjected to SDS-PAGE followed by fiuorography. Densitometry 
SSed to the VP1 band) indicated that the VP4 content of the 
80S sample was 9% of control HRV3, 149S. or 135S species. 



PFU/cpm ratio of 15; the residual infectivity is probably due 
to slight contamination from the 149S and 135S peaks since 
the gradients were fractionated from the bottom. This 806 
species was also generated upon incubation with 
tICAMUW), although less efficiently, (Fig. 4B). The fraction 
of HRV3 in the 80S peak in the sample treated with 10 jjiM 
tICAM(453) was 18% after 30 min and 61% after 24 n. l ne 
rate of conversion to the 80S species is highly temperature 
dependent and is greater at 37°C than at 34°C, the optimal 
temperature for rhinovirus growth (10). Since ^ concen- 
tration of tICAM(453) reduced infectivity to <0.2% (Fig. 3B) 
and since the reduction of infectivity is largely reversible 
the conversion of rhinovirus to the noninfecnous 80S species 
does not play a major role in rhinovirus neutralization by 
soluble 1CAM-1. 



J. VlROl.. 

The 149S, 135S, and 80S peaks were characwnwd with 
respect to their viral capsid composition and ^ A content 
Analysis of peak fractions by SDS-PAGE revealed that the 
149S and 135S peaks possessed all four capsid proteins 
while the 80S peak had dramatically reduced amounts of 
VP4 (Fie 5) To assess the RN A content of the three peaks, 
preparations of l»S]methionine- and [>H]uridirie-labeled 
HRV?incubated with 10 uM tlCAM(453) were separated on 
"ucrose gradients (Fig. 6). The radioactivity from the 
[ 3S S]methionine-labeled virus formed a clear 80S peak, 
which was insensitive to .RNase A The 
the r'HJuridine-labeled virus formed 149S and 133S peaks 
but no 80S peak. When RNase A was included ^ir .the 
incubation, the 149S and 135S peaks were not altered while 
t^Samder of the radioactivity distributed across . ihetop 
half of the gradient shifted to the top of the gradient These 
data indicate that the 80S peak does not contain RNAand 
that the 149S, 135S, and 80S peaks are insensitiye t o RNase 
A digestion. In a second experiment, the viral RKA content 
was determined directly by extraction of RNA . from eq ual 
amounts of radioactivity from 149S, 135S, and 80S peaks of 
["Slmethionine-labeled HRV3 and then blot awdyw 

with an oligonucleotide probe for the positive (+) strand of 
rhinovirus (Fig. 7). This experiment showed that the |1*9S 
and 135S peaks but not the 80S peak contained viral ; RN A. 
Thus, the 80S peak, appears to be an empty capsid/ lacking 
both RNA and VP4. The 135S peak ~ nton * *E?,^ 4 
RN A and is infectious. Although the nature of the IMS .peak 
is unclear at present, it is likely that it is a ™» ™ d 
hydrodynamic properties due to interaction with ICAM-i. 



DISCUSSION 

In this report, we have described *e production and 
characterization of two soluble forms of 1CAM-1, the major 
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FIG 7 Detection of viral RNA by hybridization with an oligo- 
nucleotide probe. RNA torn the 149S 135S ; and I 80S peaks , of 
[»S]methionine-labeled HRV3 incubated with tlCAM(453) was 
probed with a 3I P-labeled oligonucleotide probe for the positive (+) 
strand of rhinovirus. The amount of material loaded from each 

sample was normalized to the amount of ' s ^ e * ,0 , n '" e e ra ^ c ; 

tivity extracted, as described m Materials and Methods. HRV3 

RNA (50 ng) and RNA from 8 ng (of protein) from the 149b, I35i, 

and 80S species were applied to the filter. 



human rhinovirus receptor, and their effects on virus-recep- 
tor binding, virus infectivity, and virus integrity. .The results 
from these experiments allow us to distinguish three distinct 
mechanisms by which soluble ICAM-l blocks virus growth 
and to identify the regions of ICAM-l responsible for these 
activities; In addition, the results presented show that recep- 
tor protein can uncoat the rhinovirus particle in vitro and, 
thus, have implications for the mechanism of virus uncoating 

in vivo. -• . . . , . . _ 

ICAM-l has a domain structure that is related to the 
immunoglobulin supergene family, and its extracellular por- 
tion can be divided into five immunoglobulm-Uke domains 
(32 35). Two soluble forms of ICAM-l have been produced, 
one corresponding to the entire extracellular domain 
[tICAM(453); domains 1 through 5] and one corresponding 
to the two N-terminal immunoglobuhn4ike domains 
[tICAM(185); domains 1 and 2]. Constructs coding for do- 
mains 1 through 3 were expressed poorly, and domain 1 was 
not expressed at all in mammalian cells. These data are 
similar to those obtained with CD4, a related member of the 
immunoglobulin supergene family (2). A likely explanation 
for these findings is that an intimate interaction exists 
between certain domains, particularly between domains 1 
and 2, which is required for proper folding or solubility of the 
polypeptide; the close packing between domains 1 and 2 of 
CD4 revealed by its crystal structure has provided evidence 
in favor of this interpretation' (28, 37).. Physical characteri- 
zation of tlCAM(453) and tICAM(185) indicate that both are 
asymmetric molecules, consistent with the data of Staunton 
et al. (34) with regard to a soluble form of ICAM-l that is 
essentially the same as tICAM(453). Proteins belonging o 
the immunoglobulin supergene family would be expected to 
have domains with the immunoglobulin fold motif, which is 
basically two apposed sheets of antiparallel (J strands ; with 
connecting loops (38). CD indicates that both tlCAM(453) 
and tICAM(185) have significant amounts of p structure, 
consistent with their sequence homologies to immunoglobu- 
lin supergene family members, and provides evidence that 
the proteins are properly folded. However, the CD spectra 
do have features that are significantly different from those of 
classical members of the immunoglobulin supergene family; 
the shoulder at 225 to 230 nm present in the two ICAM-l 
species [particularly in tICAM(185)] is not found m the 
spectra of B-2-microglobulin and IgG. These differences 
suggest the presence of novel secondary structural features, 
particularly within domains 1 and 2. Indeed, the homology ot 
many of the domains of ICAM-l to immunoglobulin super- 
gene family members determined by the ALIGN program 
(5), while significant, is not high (data not shown). Domain 1, 



in particular, has a number of unusual features for an 
immunoglobulin-like domain, such as a relatively short dis- 
tance (44 residues) between intradomain disulfide bonds and 
four instead of two cysteines in the B and F £ strands . Thus 
structural predictions based on the immunoglobulin fold 
motif should be made with caution. - 

Competitive binding studies indicate that the binding site 
for rhinovirus is largely contained within the first two 
domains. This conclusion is consistent with studies on ■ 
transmembrane ICAM-l, in that human-mouse chimera 
studies by Staunton et al. (34) indicate that the rh.nov.rus 
binding site is located within domains 1 and 2. Similar 
studief by McClelland et al. (20) indicate that the rhinovirus 
binding site is located within domain 1. The reason for the 
small but significantly (threefold) gr 

of tICAM(453) relative to that of ^^g^ "^"gff; 
although two possibilities are the fact that (i) tICAM(185) is 
less stably folded than tlCAM(453) or (u) the large size of 
tICAM(453) creates additional steric interference (relative to 
tlCAM(185)l for a subsaturated virus particle binding to 
membrane-bound ICAM-l. In studies with transmembrane 
forms of ICAM-l, Staunton et al. (34) have reported that a 
shortened form of ICAM-l containing only domains 1 and 2 . 
binds rhinovirus at approximately 1/10 the level of full-leng h 
•transmembrane ICAM-l, which they propose is _ due _ to 
inaccessibility to the receptor-binding site on the virus 
because of the short distance of the virus binding site of 
ICAM-l from the plane of the membrane. Direct analysis of 
the stoichiometry of soluble ICAM-l-virus binding may help 

to resolve this issue. ^ iW/10 ., .„, e 

The effects of tICAM(453) and tICAMUS on virus 
infectivity are clearly distinguishable. tICAM(185) inhibits 
virus infectivity at essentially same concentration a 
which it inhibits virus-receptor binding, mdicating that Us 
mode of action is by competitive inhibition of virus bind ng , 
to cellular receptor. tICAM(453), however, inhibits infecUv- 
ity at a concentration 10-fold lower than that required for 
inhibition of binding, indicating a second mechanism for 
neutralizing virus dependent upon functions encoded by 
Somains 3 8 4, and 5. Although the nature of thu > second 
mechanism is unclear at present, it ,s reasonable to conclude 
that entry or intracellular uncoating steps are involved One 
possibility is that the large size of tIC AM(453) relative to ^hat 
of tICAM(l85) creates steric problems for subsaturated 
virus-receptor complexes during the entry or "ncoating 
steps; another possibility is that additional .contacts _with the 
virus or with adjacent tlCAM(453) molecules or i the _ virion 
mediated by domains 3, 4, or 5 are responsible for the 
Enhanced neutralizing activity of tlCAM(453). Marl.r i et al. 
(19) reported a similar disparity between the ability ot a 
soluble ICAM-l molecule similar to tICAM(453) to inn b 
virus-receptor binding and virus infectivity, although this 
was attributed to differences in the experimental conditions 
of the two assays. In the binding and infectivity expenments 
reported here, soluble ICAM-l is in considerable molar 
excess above that of virus or viral receptor binding .sites and 
we have performed our binding and infectivity studies at 
identical rhinovirus concentrations. The results presen ed 
here indicate that the differences in the binding and neutral 
ization activities are significant. 

Both UCAM(453) and UCAM(185) have the ability tc 
irreversibly inactivate rhinovirus by causing the loss o t tnc 
viral subunit VP4 and the RNA genome ; this constitute s . 
third mechanism of virus neutralization by ?° lu W e ™ ccpto ; 
The subviral particles resulting from this altera ton a 
similar in some respects to the eclipse products described fc 
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poliovirus and other picornaviruses generated during infec- 
tion of cells (7, 8, 13), which are thought to be products of 
the uncoating process (26). It has been demonstrated that 
poliovirus can be conformational^ altered in cell-free sys- 
tems by membranes containing poliovirus receptor (6, 12) or 
detergent-solubilized poliovirus receptor (14) to a 135S form 
lacking VP4 but still containing RNA (in an RNasc-scnsitive 
state). However, release of RNA requires further treatment 
of the 135S species with high concentrations of salt (14) or 
SDS (6, 12), and generation of 80S empty capsids requires 
live cells (8). We have demonstrated here that truncated 
soluble ICAM-1 can alter rhinovirus to an 80S species 
lacking both VP4 and RNA and, thus, essentially uncoats the 
virus. We have also identified an intermediate 135S particle 
which results from ICAM-l-rhinovirus interaction; this par- 
ticle differs from the 135S poliovirus altered particle m that it 
is infectious and contains VP4. These differences between 
rhinovirus and poliovirus with respect to the products of in 
vitro virus-receptor interaction may reflect differences in the 
rate-limiting steps for uncoating between rhinovirus and 
poliovirus or may reflect the different experimental condi- 
tions under which the experiments were performed. The 
alteration of rhinovirus by soluble ICAM-1 clearly indicates 
1 that receptor can completely uncoat rhinovirus in the ab- 
sence of other cellular components, suggesting that destabi- 
lization of the rhinovirus by receptor plays a role in the 
uncoating process in vivo. This may be a general phenome- 
non, as it has recently been reported that soluble CD4 
induces the release of gpl20 from the human immunodefi- 
ciency virus virion, and it has been hypothesized that this 
release of gp!20 from virions attached to the cell surface may 
expose regions of gp41 molecules that could promote fusion 
of the virion and cell membranes (22, 23), which occurs at 
neutral pH at the cell surface (36). However, the physiolog- 
ical significance of ICAM-l-mediated uncoating in vivo is 
unclear since there is also a requirement for a chloroquine- . 
sensitive low-pH step inside the cell for rhinovirus infection 
(10). A more detailed description of the in vitro alteration of 
rhinovirus by ICAM-1 and its role in virus uncoating in vivo 
will be presented elsewhere. However, it is clear from the 
data presented here that uncoating does not play a major role 
in soluble ICAM-l-mediated neutralization of rhinovirus 
under the conditions of optimal rhinovirus growth, since the 
inhibitory activity of soluble ICAM-1 toward virus infection 
is largely reversible and because the conversion to the 80S 
form can only account for a small fraction of this activity. 

In conclusion, we have demonstrated that two forms of 
soluble ICAM-1, tICAM(453) and tICAM(185), inhibit virus- 
receptor binding and virus infectivity. Differential effects of 
these two proteins on these processes have defined three 
distinct mechanisms of virus neutralization. The first mech- 
anism appears to be a simple competition of soluble receptor 
for receptor binding sites on the virus, and determinants 
within domains 1 and 2 of ICAM-1 are responsible for this 
activity. The second mechanism is a reversible neutraliza- 
tion in which virus is apparently blocked at an entry or 
uncoating step and involves contributions from domains 3, 4, 
and 5. The third mechanism is an irreversible inactivatjon of 
the virus characterized by the loss of the virus subunit VP4 
and the RNA genome. 
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Summary 

We identified and cloned a cellular mediator of herpes 
simplex virus (HSV) entry. Hamster and swine cells 
resistant to viral entry became susceptible upon ex- 
pression of a human cDNA encoding this protein, des- 
ignated HVEM (for herpesvirus entry mediator). HVEM 
was shown to mediate the entry of several wild-type 
HSV strains of both serotypes. Anti-HVEM antibodies 
and a soluble hybrid protein containing the HVEM ec- 
todomain inhibited HVEM-dependent infection but not 
virus binding to cells. Mutations in the HSV envelope 
glycoprotein gD significantly reduced HVEM-mediated 
entry. The contribution of HVEM to HSV entry into 
human cells was demonstrable in activated T cells 
HVEM, the first identified mediator of HSV entry is a 
new member of the TNF/NGF receptor family. 

Introduction 

Herpes simplex viruses (HSV) are human members of 
the neurotropic subgroup (alphaherpesviruses) of the 
herpesvirus family. Infections with HSV type 1 (HSV-1) 
and HSV type 2 (HSV-2) are highly prevalent. The usual 
manifestations of disease (reviewed by Corey and 
Spear, 1 988) are mucocutaneous lesions of the mouth 
face, eyes, or genitalia. Both HSV-1 and HSV-2 establish 
latent infections in neurons of peripheral ganglia and 
may reactivate to cause recurrent lesions. Rarely the 
virus spreads to the central nervous system to cause 
meningitis or encephalitis. 

Viral infection in the natural host usually remains local- 
ized to cells of the epidermis and peripheral nervous 
system, except in newborn infants, who are more prone 
to disseminated infection. Differentiated cell types prob- 
ably vary in their susceptibility to HSV entry. However 
cultured cells of various types from many animal species 
are susceptible to HSV infection, indicating that cell re- 
ceptors for viral entry may be highly conserved or are 
multiple in number and are usually expressed on dividina 
cells. * 

The binding and penetration phases of HSV entry into 
cells can be experimentally dissociated. Binding of 
HSV-1 or HSV-2 to cells is mediated by interaction of 
viral envelope glycoproteins (gB or gC or both) with 
glycosaminoglycan chains (GAGs) of cell surface pro- 
teoglycans (reviewed by Spear, 1993). Penetration is by 
pH-independent fusion of the virion envelop with the 
cell plasma membrane or an early endosom (Wittels 
and Spear, 1991). Viral glycoproteins required for pene- 
tration includ gB. gD. and gH-gL hetero-oligom rs 



(Sarmiento et al.. 1979; Cai et al.. 1988; Ligas and John- 
son 1988; Forrester et al., 1992; Roop et al., 1993). 
Binding of HSV to cells is not sufficient to mediate pene- 
tration. Certain cell types, such as swine testis (ST) or 
Chinese hamster ovary (CHQ) cells, can bind virus effi- 
ciently but restrict viral entry (Shieh et al., 1 992; Subra- 
manian et al., 1994). Susceptible cells can be mad 
resistant to HSV entry while retaining ability to bind virus 
by transfection with plasmids expressing HSV gD (Cam- 
padelli-Fiume et al., 1988; Johnson and Spear, 1989) 
These observations suggest that cell-associated gD 
may sequester or down-regulate a cellular protein re- 
quired for HSV entry and that ST and CHO-K1 cells fail 
to express such a mediator of HSV entry. 

By screening a human cDNA expression library for 
genes that could mediate HSV-1 entry into CHO-K1 
cells, we identified a previously undescribed member 
of the tumor necrosis factor/nerve growth factor (TNF/ 
NGF) receptor family, designated HVEM. This receptor 
mediated efficient entry of HSV-1 strains into CHO-K1 
eel s and ST cells and also enhanced the entry of an 
HSV-2 strain. HVEM was active in mediating HSV-1 entry 
into human T lymphoblasts. 

Results 

Cloning a Mediator of HSV-1 Entry 
The CHO-K1 cell line is particularly resistant to entry of 
HSV-1 strain KOS (Shieh et al., 1992), abbreviated here 
. ■' .. P-S^tfos'dase-expressing version of this 
strain, HSV-1 (KOS)gL86 abbreviated here KOS-gL86 
was used to monitor viral entry. Production of B-galac- 
tosidase from the input viral genome signals that virus 
has entered the cell, released its genome to the nucleus, 
and actuated the consititutive promoter driving B-galac- 
tos.dase expression. Figure 1A shows that HeLa (hu- 
man) cells were susceptible to infection by this virus, 
whereas CHO-K1 cells were highly resistant. Concentra- 
tions of input virus sufficient to infect 100% of HeLa 
cells left the CHO-K1 cells totally uninfected (Figure 1 B). 

The strategy to isolate a human cDNA that enhanced 
HSV-1 entry into CHO-K1 cells combined transient ex- 
pression of cDNAs with KOS-gL86 challenge. Plasmid 
Prepared from pools of a HeLa cell cDNA library 
were transfected into CHO-K1 cells. The cells were ex- 
posed to KOS-gL86 and then X-gal to identify infected 
cells. A pool containing a positive cDNA was subdivided 
by an iterative process to identify individual plasmid 
clones that had the desired phenotype. 

A set of two plasmid clones (pBEC580 and pBEC748) 

L«L r ?o! red transfected CHO-K1 cells susceptible to 
KOS-gL86 entry (Figures 1 B and 1 C) w r isolated. Nu- 
cleotide sequencing of the cDNA insert (th same for 
both plasmids) revealed a 1698 bp cDNA encoding an 
open reading frame of 283 amino acids (Figure 2). The 
protein product, designated HVEM. has characteristics 
of a type I membrane glycoprotein with an N-terminal 
s.gnaJ peptide, two potential sit s for addition of 
N-linked glycans, and a probable membrane-spanning 
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Figure 1. Entry of HSV-1 into HeLa Cells, CHO-K1 Cells and 
Transfected CHO-K1 Cells . v v i\i v,ens, and 

(A) CHO-Ki cells or HeLa cells were exposed to KOS-gl86 at the 

ZZZST A « er - the addi,ion 01 vin,s ' 6 »»»■ 

from ^ ^ y . m °T" n9 the aCtivity of P-9a'actosidase expressed 

T ™* Sen ° me - this and 0,her «ch point 

represents the mean of triplicate determinations. The individual^" 

CHO T^ 0, ! ) Cf,he mea "- HeLa «* (OP- circt^nd 
addrtloa C ' rCleS) ' Va ' UeS ° b,ained 4 hr a,ter ° NP ° 

D B e0 NA,?i CH0 "? Ce " S Were trans '^ed with control plasmid 

E^Sm V W " h f BEC58 °' iS0,a,ed Uom the hu <™ cDNA S 
for .ts ab,., ty to confer susceptibility to HSV-1 infection <C). At 3o7r 

xLm£Ti£J2 f " S W6re Washed " fixed ' «" incuba '«i with 
A-gal to identify infected cells. 

mfJST*? ° f Pr ° tein database s with the predicted 
, Y am,no ac,d sequence failed to identify any pro- 
terns closely related to HVEM but did identify cysteine- 
nch repeats in HVEM that are characteristic of tne TNF/ 
NGF f receptor family (Armitage, 1994). Pair-wise align- 

mSh ^ S6qUenCe With those of 
members of the receptor family revealed sequence iden- 
tities ranging from 1 6.9% to 25.4% and similarities rang- 
ng from 26.9% to 37.1 %. However, cysteines and other 
residues conserved within the cysteine-rich repeat re- 
gions of family members were also conserved in HVEM 
f/esidues marked with asterisks in Figure 2). Clearly, 

sZlL 3 r mb6r ° f the ™ F/NGF receptor family. 
Southern analyses were performed with HVEM probes 
and genomic DNAs from various cell lines. Probes from 

romHeS C H^ h ^ diZed * 9e "° miC DNA fraame "* 
and CHO 5J2?,' 2 (hUman) Ce " S ' Vero < monke V) 
HVEM cDma 1 M1 ^ u e " S (Stably tran ^«=ted with an 

If2L <? rt ° ne ' bUt ° 0t fr0m contro1 G HO-K1 cells 
(Figure 3). The smaller Rvull probe hybridized to a single 



MTWaaZ* 1 *T threC different human ce » »"es 

2hH«n» , ] 3nd t0 3 Single DNA fra 9™nt of 
different size from monkey cells (Figure 3B) The full- 

ength EcoR. probe lacked sites for th'e restnctio^endo- 

nuclease used to digest the cell DNAs (BamHI) yet hy- 

bnd.zed to additional bands in human and monkey DNA 

samples (Figure 3C). Thus, it is likely that HVEM is en- 

tn/iS 3 S '" 9le - c °Py human 9ene with multiple exons 
and that nonhuman primates have a related gene. 

Expression of HVEM 

Labeled probes prepared from HVEM cDNA were hy- 
bndized to a Northern blot of polyadenylated RNAs ex- 
tracted from several human tissues. HVEM-related 
RNAs were detected in most samples tested, with high- 

?T, ]• I he RNAS Were he terogeneous in size. One 

SLT^ 2 kb WaS Simi,ar in size to th * HVEM 

cDNA. The presence of larger species (4-5 kb) suggests 

tha transcription of the gene for HVEM may result in 
multiple mRNAs. ' 

HwL P t r ° dUC ! d hybfid and ^"ope-tagged versions of 
m»^i.V er ' fy exp . ression of t"e protein and to isolate 
™ !f c f ° r ,mmun ' za «°n and detection of antibodies. 

♦ ;?! mpnSin9 the tn^-and-a-half cysteine-rich 
repeats of the ectodomain (see Figure 2) fused in-frame 

£,m ♦ r T°?? r3bbit ,9G heay y cnain - wa * ^creted 
from transfected cells as a glycoprotein (about 50-65 

kDa). Changes in size after treatment of HVEM:Fc with 

Sf^nf S W * r * c ° nsisten t with presence of O-linked 
and complex N-linked carbohydrate chains (Figure 4A) 

^ C °K Sy J ati0 u n and S6Cretion of HVE ^c suggests 
that the hydrophobic region between amino acids 23 
and 38 serves as a signal sequence even though it does 

Suence" y ^ t0 ^ for deaVab,e 

An epitope-tagged. version of HVEM was also engi- 
neered by fusing HVEM cDNA encoding the first 257 

ng an "nfluenza virus hemagglutinin epitope (Flu epi- 
tope) CHO-K1 cells transfected with a plasm id ex- 

KSSSSSf? 1 (HVEM " 257F,U ) P-duced severa. 
tn ?n , r M $pSCies ra "9 in 9 in si2e f rom about 30 

1, 1 i F ' 9Ur ? 4B) - ^ hi9her mo,ecuIa r mass spe- 
cies may be mult.mers of HVEM-257Flu or have bulkv 
posttranslational modifications. y 
Rabbits were immunized with purified HVEM-Fc and 

Sr a izv::%VoTT ss specific ,or hve ^ ss 

HVEM CH °- K1 . ce,,s transfected with control or 

HVEM-257Flu-expressing plasmids were irnmunopre- 
cpitated w,th rabbit antiserum or control preimmune 
serurr '- followed by Western analyses for detecZof tSe 

257Flut P n e 6 ^ e h^'! L antiS6rUm P^'Pitated HVEM- 
257Flu ( anes 1 and 2) but not a Flu-tagged HSV-1 alv- 

coprotem (lane 3). whereas preimmune serum lackld 

antlhl 0 PrSCipitatin 9 activ 'ty figure 4C>. Anti-HVEM 
ant Jod.es preferentially precipitated the h gher molecu- 
lar mass forms of HVEM-257Flu. 

HVEM-Mediated Entry of HSV-1 and HSV-2 

Strains into Transfected Cells 

CHO-K1 and ST cell lines, both resistant to HSV-1 ntrv 

IZl t' 3 " ^ ■ d With COntr0 ' orH VEM-expre S sing pl^ 
m.ds to obtain stable clones. The HVEM-exprSg 
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361 TGGTGCTGTATCTCACCTTCCTGG<^GCCCCCTGC7ACGCCCCAGCTCTGCCGTCCTGCy^GGAGG^CGAGT 
23 i..X...?f„.X..L...T„„F_.L„_G...A m ^ L P S C K E D E 

433 ACCCAGTGGGCTCCGAGTGCTGCCCCAAGTGCAGTCCAGGTTATCGTGTGAAGGAGGCCTGCGGGGAGCTGA 
« Y P V G S « £ g , K g s g g y R y K E A C G E L 

SOS CGGGCACAGTGTGTGAACCCTGCCCTCCAGGCACCTACATTGCCCACCTCAATGGCCTAAGCAAGTGTCTGC 
71 T G T V C E P^PPGTYIAHL N G L S K C L 



577 AGTGCCAAATGTGTGACCCAGCCATGGGCCTGCGCGCGACGCGGAACTGCTCCAGGACAGAGAACGCCGTGT 
S5 QCQMC D. PAMGLRAT R N_J_^ R T *^A_V 

649 GTGGCTGCAGCCCAGGCCACTTCTGCATCGTCCAGGACGGGGACCACTGCGCCGCGTGCCGCCGTTACGCCA 
119 C^ c S P ^g H F^I V Q p G P H C A A ^ C R^R Y A 

721 CCTCCAGCCCGGGCCAGAGGGTGCAGAAGGGAGGCACCGAGAGTCAGGACACCCTGTGTCAGAACTGCCCCC 
TSSPGQRVQKGGT.ESQ DTLCQNCP 
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937 TTTGCTCCACAGTTGGCCTAATCATATGTGTGAAAAGAAGAAAGCCAAGGGGTGATGTAGTCAAGGTGATCG 
215 y ° 5 T V G T " T T " " K R R K P R G D V V K V I 

1009 TCTCCGTCCAGCGGAAAAGACAGGAGGCAGAAGGTGAGGCCACAGTCATTGAGGCCCTGCAGGCCCCTCCGG 
239 VSVQRKRQEAEGEATVI EA+LQAP P 
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clones were 100-1000 times more susceptible to KOS- 
9L86 infection than control clones (Figure 5A), which 
were as resistant as th parental cell lines. CH0-K1 
cells, but not ST cells, ar also resistant to entry of 
a porcine alphaherpesvirus. pseudorabies virus (PRV). 



HVEM-expressing clones did not differ from control 
clones or parental c II lines in susceptibility to infection 
by a 3-galactosidase-expressirig mutant of PRV (data 
not shown). Thus, HVEM is not a g neral mediator of 
alphaherpesvirus entry. 
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Figure 3. Southern and Northern Blots for Detection of HVEM- 
Homologous DNA and RNA in Cells and Tissues 
(A-C) Cell ONAs were extracted and digested with BamHI and the 
fragments separated by electrophoresis and transferred to Duralon 
nylon membrane for hybridization. The DNAs were from Hela {lanes 
2), HEp-2 (lanes 3), CHO-K1 (lanes 4), CHO-HVEM12 {lanes 5), and 
Vero (lanes 6) cells. BamHI-digested plasmid, pBEC580. was also 
included (lanes 7). 

(A) Photograph of the ethidium bromide-stained gel. 

(B) Autoradiogram of the blot using the Pvull probe indicated in (D). 

(C) Autoradiogram of the blot using the EcoRl probe indicated in (D)! 

(D) Schematic diagram of the HVEM cDNA and fragments used to 
generate probes. Numbers on the left of (A) and bands in lane 1 
indicate molecular size markers (kbp). 

(E) A Northern blot (Clontech) of polyadenylated RNAs extracted 
from various human tissues and hybridized with a w P-labeled probe 
from the Pvull fragment indicated in (D). The RNAs were extracted 
from heart (lane 1), brain (lane 2), placenta (lane 3), lung (lane 4), 
liver (lane 5), skeletal muscle (lane 6) t kidney (lane 7), and pancreas 
(lane 8). Amounts on the blot were normalized with respect to actin 
mRNA content. 



Infection of HVEM-expressing cells (CHO-HVEM12 
and ST-HVEM1) by KOS-gL86 was inhibited in a dose- 
dependent manner by anti-HVEM serum or HVEM:Fc 
but not by preimmune serum or norma! rabbit IgG (Fig- 
ures 5B and 5C). In fact, preimmune serum reproducibly 
enhanced infection. As expected, neither anti-HVEM se- 
rum nor HVEM:Fc inhibited PRV infection of ST-HVEM1 
cells (data not shown). 

To determine whether the anti-HVEM serum inhibited 
HSV binding, CHO-HVEM1 2 ceiis were exposed to radios 
labeled KOS at several virus concentrations to quanti- 
tate virus binding at 4°C in the presence of anti-HVEM 
serum of preimmune serum at a 1 :90 dilution. This dilu- 
tion of antiserum completely inhibited HSV-1 infection 
at all input doses of virus tested (Figure 5B; data not 
shown) but did not inhibit virus binding (data not shown). 
Thus, the antibodies blocked infection by interfering 
with penetration (or possibly with events leading to un- 
coating and expression of the genome). The antibodies 
did not render the cells unresponsive to virus entry in 
general or inhibit cell functions required for gene expres- 
sion. Antibody-treated ST-HVEM1 cells remained fully 
susceptible to PRV entry and expressed p-galactosi- 
dase from the viral genome. 

The ability of HVEM to mediate entry of other strains 
of HSV was determined. CHO-IEp8 cells transfected with 
HVEM-expressing or control plasmid were challenged 
with various concentrations of different HSV-1 and 
HSV-2 strains. These cells contain the Escherichia coli 
lacZ gene downstream of an HSV-1 immediate-early 
promoter and express (S-galactosidase upon viral entry 
and delivery of the HSV trans-inducer VP1 6 (Campbell 
et al., 1984; Batterson and Roizman, 1983) into the cell. 
Expression of HVEM significantly enhanced entry of all 
wild-type HSV-1 and HSV-2 strains tested (Figure 6). 

CHO-IEP8 cells transfected with control plasmid, like 
parental CHO-K1 cells, did not completely resist entry 
of HSV-1 (MP) and HSV-2(333) (Figure 6). Some hamster 
factor probably mediated their entry, albeit inefficiently. 
HSV-2 strains in general infect CHO-K1 cells more effi- 
ciently than do HSV-1 strains (Shieh et a!., 1992). HSV- 
1(MP) and HSV-1 (KOS)804 are syncytial mutants with 
enhanced ability to induce cell fusion due to missense 
mutations in gK (Pogue-Geile and Spear, 1987; Roop et 
al., 1993). HSV-1 (ANG) also has a syncytial phenotype 
due to a missense mutation in gB (Weise et al., 1987). 
Thus, the syncytial phenotype does not explain the en- 
hanced ability of HSV-1 (MP) to infect CHO cells. 

Expression of HVEM failed to enhance the entry of 
HSV-1 (KOS)ridl (KOS-rid1), HSV-1(KOS)rid 2 (KOS-rid2; 
data not shown), and HSV-1 (ANG) (Figure 6). KOS-rid1 
and KOS-rid2 are mutants selected for resistance to gD- 
mediated interference. Single amino acid substitutions 
in gD (Q27P or Q27R, respectively) account for the ability 
of these mutants to enter cells despite the block im- 
posed by expression of wild-type gD by the cells (Dean 
et al., 1994). HSV-1 (ANG) has the same amino acid sub- 
stitution as KOS-rid2 (and other substitutions relative to 
KOS gD) and is also resistant to gD-mediated interfer- 
ence (Dean et al., 1994). K0S-rid1 and KOS-rid2 are 
somewhat impaired, compared with the parental strain 
KOS, in ability to infect human Hep-2 cells, but th y 
infect HEp-2 cells much more efficiently than CHO-K1 
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' Figure 4. Expression of the HVEM:Fc Hybrid 
Protein and Epitope-Tagged HVEM-257Flu 
and Immunoprecipitation of HVEM-257Flu 
(A) Samples of purified HVEM:Fc were appro- 
priately treated for incubation with Endo F, 
Endd H, or Endo F/O-glycanase as indicated, 
subjected to SOS-polyacrylamide gel elec- 
trophoresis, and transferred to nitrocellulose 
for Western blot analysis with anti-rabbit IgG 
peroxidase conjugates and substrate for che- 
miluminescent detection. 
(B and C) CHO-K1 cells were transf ected with 
n * * uwi-t* two different subclones of pBEC14 for ex- 

n S M?o °- HVEM ' 257FIu < lanes 1 2). with pMN114 for expression of a Flu-tagged truncated version of HSV-1 gL (lane 3) or with 
one i 8 C ° ntr01 P ' aSmid (l3ne 4) * At 48 hf after transfection » cel1 'ysates were prepared and either immediately added to sample buffer for 
5DS-polyacrylam.de gel electrophoresis (B) or mixed with preimmune or immune rabbit serum for immunoprecipitation, followed by solubiliza- 
*on of the .rnmune precipitates for SDS-polyacrylamide gel electrophoresis (C). After electrophoresis, the separated proteins were transferred 
to nitrocellulose for Western blotting with the anti-Flu MAb 12CA5. Asterisks indicate the multiple Flu-tagged forms of HVEM detected 
Numbers at the left of each panel indicate molecular mass markers in kDa. 
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cells (Dean et al., 1994). We conclude that viruses car- 
rying the mutant (or ANG) form of gD cannot use HVEM 
as a mediator of entry but enter human cells by other 
pathways. 

HVEM-expressing CHO cells were permissive for virai 
replication (data not shown), indicating that the principal 
block to replication in CHO-K1 ceils is at the stage of 
virus entry. CH0-HVEM1 2 cells infected with KOS or 
HSV-1 (F) produced 10,000-fold or 100-fold more prog- 
eny virus, respectively, than did control CH0-C8 cells 
or CH0-K1 cells, but 10-fold to 100-fold less than did 
HeLa cells. 

HVEM-Mediated Entry of HSV into Human Cells 
Use of the rabbit antiserum to detect HVEM on surfaces 
of human cells revealed that activated peripheral blood 
mononuclear cells expressed higher levels of HVEM 
than cell lines such as 293 and HeLa (C. Ware, R. I. M., 
and P. G. S., unpublished data). Phytohemagglutinin- 
activated T cell blasts (greater than 95% CD3+ and 
CD25+) were prepared and shown to express HVEM 
(Figure 7A). These cells were exposed to viruses ex- 
pressing wild-type gD (KOS-gL86) or a mutant form of 
gD (HSV-1 [KOS]rid1 -tk1 2 [KOS-rid1 -tk1 2], a p-galactos- 
idase-expressing version of KOS-rid1) in the absence 
or presence of anti-HVEM serum or preimmune serum. 
In absence of either serum, the T cell blasts were more 
susceptible to infection with KOS-gL86 than with KOS- 
rid1 -tk1 2 (Figure 7B). As was noted with the HVEM- 
expressing CHO and ST cells, anti-HVEM serum had a 
dose-dependent inhibitory effect on infection and pre- 
immune serum had a stimulatory effect, but only with 
KOS-gL86 (Figure 7B). Results similar to those shown 
in Figure 7 were obtained with activated T cell blasts 
from four different donors. We conclude that infection of 
T cell blasts with KOS-gL86 is largely HVEM-dependent. 

Discussion 

Demonstration that a new member of the TNF/NGF re- 
ceptor family, HVEM, can mediate entry of HSV identifies 
another important family of cell-surface receptors used 
by viruses for ntry. This adds to the growing body of 
evidence that multiple cell-surfac components can be 



required for each entry event. Adenoviruses bind to cells 
via fibers extending from vertices of the icosahedral 
virions through as yet undefined interactions. Entry is 
then facilitated by interaction of a protein at the base 
of each fiber with cell-surface integrins (Wickham et al., 
1993). Human immunodeficiency virus binds to cells via 
interaction of gp120 with CD4 (Dalgliesh et al., 1984; 
Klatzmann et al., 1984; Maddon et al., 1988), but entry 
requires cofactor activity which, for different virus 
strains, can be provided by various members of the 
chemokine receptor family (Feng et al., 1996; Deng et 
al., 1996; Dragic et al., 1996; Choe et al., 1996; Doranz 
et al., 1 996; Alkhatib et al., 1 996). Similarly, HSV binds to 
cell-surface GAGs, but entry requires mediator activity, 
which was shown here to be provided by HVEM. It 
should be noted that both GAGs and a mediator of 
entry such as HVEM are required for HSV infection. Cells 
lacking GAGs (Shieh et al., 1992; Banfield et al., 1995) 
or a mediator can be 100-1000 times more resistant to 
infection than cells expressing both. 

The stage of HSV entry at which HVEM operates must 
be either the membrane fusion reaction that occurs after 
binding of virus to cell-surface GAGs or the release of 
internal virion proteins, including VP1 6, from sites of 
entry and their transport to the cell nucleus. This follows 
from our findings that virus binding to CHO-K1 cells 
occurs efficiently in the absence of HVEM or in the pres- 
ence of anti-HVEM antibody. Also, the ability of HVEM 
to enhance HSV entry can be detected in CHO-1E08 
cells, which carry a reporter gene under control of an 
immediate-early HSV-1 promoter. In these cells, intro- 
duction of input viral VP16 into the cell nucleus suffices 
to induce p-galactosidase expression and score an en- 
try event. 

It seems likely that HVEM interacts with one or more of 
the virion envelop glycoproteins to trigger membrane 
fusion or induce postfusion uncoating events. The find- 
ing that HVEM:Fc can inhibit HSV infection is consistent 
with direct interaction with virion surface proteins. Can- 
didate proteins include the four envelope glycoproteins 
(gB, gD, gH, and gL) required for HSV-1 entry but not 
for binding of virus to cells. Functional interaction of 
virions with HVEM is influenced by gD becaus amino 
acid substitutions in gD eliminated ability of HSV-1 to 



Cell 
432 



A ^ 




10* 



10* 10' 10* 10* 10« 

Input Vims (PFU/weil) 



10* 



io> 



6 



ISO 



CH0-HVEM1 2 




ST-HVEM1 



1:2430 1:810 1:270 1:90 Tito 1-810 U270 

Serum Dilution 




1:30 



140 

£ 120 
u 5 100 

si!* 

ra O 
w c 60 
S 8 

a I 40 

• 20 



CHO-HVEM1 2 


ST-HVEM1 




^ ^^^^^^^^^^^^^^^^ 



140 
120 

too 

80 
60 
40 
20 
0 



Protein (pg/well) 



Figures. Enhanced Entry of HSV-1 (KOS) into HVEM-Expressing 
Cell Lines and Inhibition of Infection by Anti-HVEM Antibodies or 
HVEMrFc 

(A) Several HVEM-expressing and control cell lines were obtained 
by transfection of CHO-K1 cells or ST cells with pBEClO or control 
plasmid pcDNA3, followed by selection for stable maintenance of 
the plasmid. Representative clones were plated in 96 well plates 
and exposed to KOS-gL86 at the doses indicated. Later (6 hr), viral 
entry was quantitated as described in the legend to Figure 1. CHO- 
HVEM11 and ST-HVEM1 (open circles), CHO-HVEM9 and ST- 
HVEM22 (closed circles), and CHO-HVEM12 and ST-HVEM2 (open 
squares) were isolated after transfection with the HVEM-expressing 
plasmid pBECl 0. CH0-C8 and ST-C8 (closed squares) were isolated 
after transfection with the control plasmid pcDNA3. 
(B and C) CHO-HVEM12 cells or ST-HVEM1 cells were plated in 96 
well dishes. In (B), the cells were exposed to preimmune or immune 
rabbit serum at the dilutions indicated for 30 min at 3rc. Various 
amounts of KOS-gL86 were then added in one-fifth volume, and 
incubation continued for 2 hr. In (C), virus was mixed with various 
concentrations of HVEM:Fc or normal rabbit IgG and incubated for 
30 min at 3rc. The mixtures (50 u.l) were added to washed cells, and 
incubation continued for 2 hr. The virus-serum or virus-HVEM:Fc 
mixtures were then removed and the cells exposed briefly to low 
pH buffer to inactivate residual extracellular virus. The cells were 
washed and incubated for an additional 4hr before lysis and addition 
of 0NPG. The amount of virus added was 1 Q T pfu/well in (B) and 
10* pfu/well in (C). Open symbols were preimmune serum (B) or 
normal rabbit IgG (C). Closed symbols were immune serum (B) or 
HVEM:Fc (C). 
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Figure 6. Enhanced Entry of HSV-1 and HSV-2 Strains into HVEM- 
Expressing CHO-IE[J8 Cells 

CHO-IE(18 cells were transfected with the HVEM-expressing plas- 
mid pBEClO (diagonally hatched bars) or the control plasmid 
pcDNA3 (open bars). At 24 hr after transfection, the cells were re- 
plated in 96 well dishes and, 24 hr later, exposed to various input 
doses of each of the virus strains indicated. Later (6 hr), the cells 
were lysed and ONPG added for the quantitation of viral entry. The 
results presented are for a single input dose of virus (30,000 pfu 
added per well) in the linear range of the dose response curve. 

enter cells via HVEM (Figure 6) but not via other path- 
ways of entry (Dean et al., 1994). 

The role of HVEM in HSV entry could be. completely 
dissociable from its normal physiological role. Ligand 
or Hgands for HVEM and the consequences of ligand- 
receptor interaction remain to be identified. There is no 
obvious relationship between HSV envelope proteins 
and members of the TNF/NGF ligand family, although 
virions need riot interact with HVEM in the same manner 
as its natural ligand. For members of the TNF/NGF r - 
ceptor family, binding of ligand results in aggregation of 
receptors and activation of specific signal transduction 
pathways (Armitage, 1994; Heller and Kronke. 1994; 
Rothe et a!., 1994). Binding of cognate receptors by 
members of the TNF or NGF family can have a variety 
of effects, including induction of cell proliferation, differ- 
entiation, or apoptosis, depending on the particular re- 
ceptor, ligand, and other factors (Smith et al., 1994; 
Rabizadeh and Bredesen, 1994; Maness et al., 1994). 
Interestingly, another human herpesvirus, Epstein-Barr 
virus, expresses a membrane protein that interacts 
through a cytoplasmic domain with cytoplasmic pro- 
teins responsible for transmitting signals usually initi- 
ated by ligand binding to a TNF receptor family member 
{Mosialos et a!., 1 995). If any aspect of signaling through 
HVEM requires the C-termina! 2S amino acids, we can 
rule out its requirement for HSV ntry based on the 
ability of HVEM-257Flu to mediate infection of CHO cells 
(data not shown). 

Sev ral lines of evidence indicate that other mediators 
of HSV entry have yet to be identified. First, although 
the cDNA for HVEM was isolated from a HeLa cell library, 
HVEM is probably not th principal mediator of HSV 
entry into HeLa cells. The anti-HVEM serum and 
HVEMrFc had only marginal ability to block HSV-1 infec- 
tion of HeLa cells (data not shown). Second, strains 
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Figure 7. Expression of HVEM on Human T Lymphoblasts and 
HVEM-Dependent Infection by HSV-1 Expressing Wild-Type gD 

(A) Activated T ceils were incubated with anti-HVEM antiserum 
{shaded profile) or preimmune serum (open profile), followed by a 
fiuoresceinated second antibody, and analyzed by flow cytometry. 

(B) Activated T cells were infected with KOS-gL86 or KOS-ridl -tk! 2 
(10' pfu/well) in the absence or presence of anti-HVEM antiserum 
or preimmune serum. The cells were lysed and p-galactosidase 
activity quantitated at 6 hr after infection. The inset presents 
p-gaJactosidase activity expressed by KOS-gL86 (circles) or KOS- 
nd1-tk12 (squares) with preimmune (open symbols) or immune 
(closed symbols) serum. The large panel presents p-galactosidase 
in i anti-HVEM-treated samples as a percentage of control values 
obtained with an equivalent concentration of preimmune serum, for 
KOS-gL86 (closed circles) and K0S-rid1 -tk1 2 (open squares). 

KOS-ridl , rid2, and HSV-1 (ANG) can infect various hu- 
man cell types but fail to infect HVEM-expressmg CHO- 
K1 cells. Third, CHO-K1 ceils express some factor that 
can mediate the ntry of certain HSV strains, especially 
HSV-2 strains. Finally, continued screening of th HeLa 
c II cDNA library with other strains f HSV-1 indicates 
the presence of other genes that can mediate HSV entry 
(M. S. Warner, R. J. Geraghty, R. I. M., and P. G. S., 
unpublished data). These genes are not likely to encode 
basic fibroblast growth factor receptor, previously pro- 
posed to mediat HSV ntry (Kaner et a!., 1 990), because 



its expression in resistant cells did not enhance suscep- 
tibility to HSV ntry (Shieh and Spear, 1991; Mirda et 
a!., 1992). Mannose-6-phosphate receptors have also 
been proposed to mediate entry of HSV-1, but cell mu- 
tants lacking these receptors remain fully susceptible 
to viral entry (Brunetti et al., 1 995). The effect of expres- 
sion of these receptors in cells resistant to infection 
needs to be explored. 

The fact that HVEM enhances entry of the wild-type 
HSV-1 and HSV-2 strains tested and mediates HSV entry 
into activated T cells highlights its probable importance 
in HSV pathogenesis. Several reports have described 
the replication of HSV in activated T cells (Pelton et a!., 
1977; Rinaldo et al., 1978; Teute et al. ( 1983) and the 
presence of infected lymphocytes in biopsies of cutane- 
ous lesions (Boddingius et al., 1987). Because HVEM is 
a principal mediator of HSV entry into activated T cells, 
and subtle genetic alterations in HSV can eliminate abil- 
ity to utilize HVEM as an entry mediator, virus strains in 
the field may differ in ability to infect activated T cells. 
The virulence of a virus strain is influenced by its ability 
to infect lymphocytes, whether this infection promotes 
virus spread or abrogates localized immune responses. 
Discovery of HVEM opens new areas of investigation, 
including exploration of factors that induce HVEM ex- 
pression in lymphocytes and other human cells, po- 
tential role of signal transduction in viral entry or viral 
replication, and effects of human or viral genetic poly- 
morphisms on HVEM-virus interactions. 

Experimental Procedures 
Cells and Viruses 

CHO-K1, HEp-2. HeLa, Vero, and ST cells were obtained from the 
Amencan Type Culture Collection and HT1080 cells from Dr. N. 
Bouck (Northwestern University). The CHO-IEP8 cell line was iso- 
lated after transfection of CHO-K1 celts with pMLP01, a plasmld 
having the E. coli tacZ gene under control of the HSV-1 1CP4 pro- 
moter and expressing p-galactosidase upon infection of cells with 
HSV (M. L Parish, R. I. M., and P. G. S„ unpublished data). - 

Wild-type virus strains used were HSV-1 (KOS), HSV-1 (HFEM) 
HSV-1 (Patton), HSV-1 (F) (Ejercito et al., 1968), HSV-1(SC16), HSV- 
1(17) (McGeoch et al., 1988), and HSV-2(333). Mutant strains in- 
cluded K0S-rid1 and rid2 (Dean et al., 1 994), HSV-1 (KOSJ804 (Little 
and Schaffer, 1981), HSV-1(MP) (Hoggan and Roizman, 1959), and 
HSV-1 (ANG) (Munk and Donner, 1963; Weise et al., 1987; Dean et 
al., 1994). KOS-rid1-tk12 is a recombinant virus produced by in- 
serting the E. coli lacZ gene driven by the HSV-1 ICP4 promoter in 
place of the thymidine kinase gene of KOS-rid1 . These strains were 
propagated by passage on HEp-2 cells and titered on Vero cells. 
K0.S-gL86, a mutant in which the E. coli /acZ gene with CMV pro- 
moter replaces part of the gL open reading frame (M. J. Novotny 
and P. G. S., unpublished data), was propagated and titered on gL- 
expressing Vero cell transfectants. A PRV mutant, in which the gH 
gene was interrupted by the /acZ gene (Klupp et al., 1994), was 
obtained from T. C. Mettenleiter and propagated and titered on gH- 
expressing Vero cell transfectants. Mutant viruses obtained from 
these complementing cell lines were fully infectious for and ex- 
pressed p-galactosidase in noncomplementing cells but produced 
only noninfectious virus. 

Infectivity Assays 

Infectivity assays were based on quantitation of p-gaiactosidase 
expressed from the viral genome or by the p-galactosidase- 
expressing cell line CHO-IEp8. Adherent cells were plated in 96 welt 
t.ssue culture dishes (2-4 x 10< cells/well) at least 16 hr prior to 
infection. Cells were washed and exposed to virus (in 50 jil of phos- 
phate-buffered saline [PBS] containing glucose and 1% calf serum 
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(PBS-G-CSJ) lor 6 hr at 37 C before solubilization in 100 til of PBS 
containing 0.5% NP-40 and the p-galactosidase substrate, o-nitro- 
phenyl p-D-glucopyranoside (ONPG, 3 mg/ml). The reaction was 
monitored by spectrometry at several timepoints after the addition 
of ONPG to define the Interval over which the generation of product 
was linear with time (Dynatech ELISA reader or a Spectromax 250) 
Alternatively, cells plated in 6 well tissue-culture dishes were ex- 
posed to virus and infected cells visualized using the S-galactosi- 
dase substrate X-gal (GIBCO Laboratories), which yields an insolu- 

fPBR ^„? aC,i0n ,o, r0 « dlJCt - Afterin ' ection . cashed cells were fixed 
(PBS contaimng 2% formaldehyde and 0.2% gluteraldehyde), per- 
meab, zed (2 mM MgCI, containing 0.01 % deoxycho.ate and 0.02% 
NP-40). and incubated with buffered X-gal (0.5 mg/ml). Antibody 
nhibiton assays were performed as described for infectivity assays 
in 96 well plates, except that rabbit serum diluted in PBS-G-CS was 

Ce " S (5 ° ,ll/We " ) 30 min be,ore addition <* virus (10 
jd/welO. After 2 hr with the serum-virus mixtures, the cells were 

treated with 0.1 M citrate buffer ( P H 3.0) for 1 min to Inactivate 

extrace lular virus (Huang and Wagner. 1 964; Highlander et al.. 1 987). 

The cells were then washed and incubated in PBS-G-CS for 4 hr 

before solubilization and quantitation of B-galactosidase activity 
Assays for inhibition of infection by HVEM;Fc were sjmj|ari 

that dilutions of virus were mixed with HVEM:Fc or rabbit IgG and 

'"Zll IT f 31 37 ' C Pri0r 10 addition °' ,he m^">es (50 
iil/well) to washed cell monolayers. 

Peripheral blood mononuclear cells were isolated by Ficoll- 
Hypaque density gradient centrifugation of freshly collected hepa- 
nnized blood and incubated 3 days at 10« cells/ml in RPMM640 

■ ?'^ vine se ™ and P"nfied phytohemagglutin 
(Sigma Chemicals) at 5 ^g/ml. T cell blasts wereSsolated on 50% 

in Jlt"^" 5 3nd W6re r0utine| y more t" 3 " 95% CD3+ and more 
than 98% CD25*. HVEM expression was determined by Incubating 

towLT ,he , ' n ^ HVEM rabbi ' 0t P^immune serum ioU 

lowed by goat ant-rabbit fluoresceinated secondary antibodies and 
flow cytometry (Beckton-Dickenson FACScan). Remaining cells 
were dispensed into 96 well plates (10' cells/well) for Infectivity 

fnruh a K„ ,r W6re 33 deSCribed 31,076 exCe P' 0,31 a «er 2 hr of. 
«1 ™ , '• V,rUS ' nOCUla were removed and placed with me- 
d-urn contammg preimmune or immune serum at the same concen- 
trations as present during virus inoculation. 

The binding of virus to cells was quantitated as described pre- 
S ^ 1M2) USi " 9 'H-'^'ne-labeled purif^HsT- 

Isolation and Sequencing of the HVEM cDNA 

tZ!^^,^ 3 Ce " CDNA e *P»>ssion library cloned into 
BPrtn 'i\ " I'^Sen) was plated onto 100 150 mm Luria- 
nialTr" * eontaininQ a PP~priate drugs (1.5 x 10» bacteria/ 

« t«t ^1°"'? "7 PO °' ed " y SCrapin9 and ,rozen 38 1 00 Slycerol 
stocks. Samples. of each stock were combined into groups of 10 

t0 S,ati ° nary PhaSe iR br0,h - P,asrnids Prepared from 
tranS,eC,ed in, ° CH0 - K1 « lls «** UpofectAM- 
NflS mm ^ t T ° neS: 1 5 M °' PlaSn,id 3nd 5 * L'PO'ectAM- 
i nil 3 m T ■ F ° r COn,r0,Sl Cells were lra "sfected with pMN84. 
tec am>mp r S T 9 V-^™*™. or were incubated with Upo- 
fectAMINE a one. At 30 hr after transfection, the cells were washed 

tZ ,1 S . Cnbed abOVe " ^fectiqn efficiencies ranged 

from 25£ ■* b3Sed 0n eXpreSSion °' P-9 a ' a =tosidase 

cDNA librarv nl« ^ "* *« ^ <" SCreeni " 9 tne 
thli^Jl ^' P m ' dS ' r0m 0ne 9rouD <" 10 bacterial stocks from 

him^ 7r,c° n :r ed ab ° U ' 20 - 30 cells in the delayer to susceptT 

£ 1 w in „' eC,i0n - TJ,e " eauenc * °' conv ^on «° suscep- 

group. Th,s stock was divided again into 100 pools, and bv an 
■>erat,ve process, (wo bacterial clones were obtained thalySdeS 

B^ s S , (PB f 5 f PBEC748) Wi,h ,he desi '<* Pnenctype 

u^M / he C ° NA inser1 of oBEC580 »«• sequenced 

u*ag Sequenase (Amersham) and T7 and S P 6 primers, as well as 

other pnmers generated as sequence was obtained. All primed were 

obtained from the Northwestern University Biotechnotogy Center 

tS^Tt 5equencinQ °» P B ^748 revealed the insert to be the 
same as that of pBEC580. 



Southern and Northern Blots 

Genomic DNAs were isolated (Hirt. 1 967). digested with BamHI. and 

hi ,tZ w " 0n J °- 8% a9ar0Se 9e,S - S °"«hems were performed 
by standard procedures. Briefly, DNA was transferred to Duralon 
nylon membrane. Randomly primed probes were generated using 

Z 9 £'?7 , ? d , nuc,eo>ides ( Geni »s Kit; Boehringer Mannheim) 
or P-labeled nucleotides. Prehybridization was for2 hr in hybridiza- 
tion buffer wrth Denhardfs reagent and 50% formamide. After hy- 
bnd,zat.on wth probe at 42'C for 24 hr. membranes were incubated 
tw,ce f or 1 5 min at 65'C with 0.2 x SSC containing 0.1 % SDS The 
blot was exposed to X-ray film at -70"C (for "P-labeled probes) or 
processed for digoxlgen detection by chemlluminescence (Boeh- 
Sfr^t e,m) " U,ilizins the alKa,ine Phosphatase substrate CDP- 

STAR™ (Tropix). 
Northern analysis was performed using a commercial blot of poly- 

pl e h y K 5? R . NAS eXtraCted various numan tissue s (Clontech). 
Prehybrid l zation and hybridization of the blot were done as de- 
senbed above at 42'C and washes with 0.2 x SSC containing 0.1 % 
SDS were at 50=C. The blot was exposed to X-ray film at -70'C. 

Plasmids and Stably Transfected Cell Lines 

Plasmid pBECIO. carrying the HVEM insert and a neomycin-resis- 

^« n n ?\ WaS °, enerated b y c| 0"in8 a Hindlll-Xhol fragment of 
pBECSSO into pcDNA3. pBEC14. expressing HVEM-257Flu. was 
generated .n several steps. The Hindlll-to-Sfil fragment of the HVEM 

Tnd rIXT P f EC .l 80 W3S m ° dified by deletion be,ween the BamHI 

th J e " ' nSerted be,ween HindMI and EcoRI sites of 
PMN104 ftlunt-end ligation between the Sfil and EcoRI sites after 
Klenow treatment). P MN104 contains an oligonucleotide, inserted 
between the EcoRI and Xbal sites of pcDNA3. that encodes 11 
ammo acids (EnrPYOyPDYASL) plus a slop codon. IncSg a 9 
am.no acid Flu ep.tope (underlined. Wilson et al.. 1984). pMN114 
also denved from P MN104, expresses a truncated Flu-tagged ver- 
sion pf HSV-1 flL (M. J. Novotny and P. G. S.. unpublished data). 

.„ ^'h eXPre rl S 'r 9 8 Hybrid ,0m of HVEM < the ectodomain fused 
to the hinge, Ch2 and C H 3 domains of the rabbit IgG heavy chain) 
was generated in several steps. It consists of a cytome^alovWs* 

ST,* ."f NAne ° ,Spel to Hindll, ) : "ind"' to Xbal from 
Pv,^« ! * 6 f!, ,odomain of Hy EM from PBEC580 (Nhel site to a 
r^hh-r Tr'T d0W " S,ream of » ne « Cys residue); a fragment of 
1 V Chai " CDNA ,rom plasrnid 3 - 4 (obtained from K. 
edT, t °T UniV6rSity MediCal Cen,er » inc,udi "9 a n EcoRI site 
Tr^r^n^^ 6 Chai " reaCtion 5 ' ,0 the ra bbit sequence 
r^dfnnf G 7» ° T d eXtendinS ,0 3 PsU si,e d ownstrearr: of the 
^nrt., 9 ' rama « after cleavage with EcoRI, the filled-in site was blunt 

SSETpSS SeVs«rend h o e , ^ * 

r nga te d p to the i^^jsz^jzzzsx: 

Spel site of the CMV promoter fragment) 

of CHOW^T H? T Sin9 . Ce " ' ineS W6re produCed ^ 'ransfection 
of CHO-K1 cells and ST cells with P BEC1 0 and selection in medium 

con, a ,n,ng Genet.cin ,500 ^g/ml for CHO-K1 cells and 800 » g Z 

fo ST cells). Surv,ving cells were cloned by limiting dilution and 

cell Clones susceptible to KOS-gl86 infection were subcloned an* 

expanded Control cel. iines were produced by transfecting CHO^KI 

and ST cells with P cDNA3 and isolating Geneticin-resistant clones. 

HVEM:Fe Production. Characterization, and Use 
as Immunogen 

HVEM:Fc secreted into the medium of P BL58-transfected CHO-K1 
wLT PU w ed by Pr ° lein ^eP^ose chromatography. 

p-mercaptoethanol, and carbohydrate modifications determined by 
mcubating overnight at 37'C with endo F ,200 mU. 1% Z?A0, S 

citrate [ P H 5 5]) or without added enzyme (1 % NP-40. 50 mM sodium 

atlrc wft P H7 - 5] \ A !' erna,ively '--P l «weredig; s .edoverSSm 
S« h n ^ uramir " dase W mU. 50 mM sodium citrate [pH 4.5D. 

I ^ ^ inCUba ' ed 0Vemi9h, a « 37 ' C with endo F (200 

Phate (pH 7.5). Western blots of control and glycosidase-treated 
samples were probed with a mixture of anti-rabbit IgG peroSse 
conjugates (GibcoBRL 981 4SA and Sigma A6667) at conceSo s 
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of 1* 000 in BLOTTO (1 0 mM Tris [pH 7.4), 1 50 mM Nad, 5% pow- 
dered milk. 0.05% Tween-20), followed by chemiluminescent detec- 
tion with ECL reagent and Hyperfilm-MP (Amersham) 

Rabbit polyclonal antibodies were produced by subcutaneous 
injection of purified HVEM:Fc mixed with Hunter's TrterMax adjuvant 
at Pocono Farms, Inc. For immunoprecipitation, lysates were pre- 
pared with 1% Triton X-100 in 150 mM NaCI, 20 mM Tris-HCI (pH 
8.0), containing protease inhibitors (2 ng/ml of aprotinin; 2 ng/mi of 
leupeptin; 1 ^g/ml of pepstatin A; 5 mM phenylmethylsulfonyl fiuo- 

"wolT . miXed °" ice with rabb!t P'eimmune or immune serum (10 
jtl/200 p-lof lysate). Samples of ceil lysates and immunoprecipitates 
collected on Protein A-agarose were subjected to SDS-poly- 
acrylamide gel electrophoresis and transferred to nitrocellulose 
membranes. The membranes were incubated in BLOTTO for 1 hr 
of blocking and then with the anti-hemagglutinin antibody 12CA5 
Orison et aU 1 984) diluted 1 :5000 in BLOTTO, followed by horserad- 
isn peroxidase-coupled goat anti-mouse IgG (Boehringer Mann- 
heim) diluted 1 :1 0.000. Detection of second antibody was by incuba- 
ton in ECL reagent and exposure to Amersham Hyperfilm-MP 
(Amersham). 
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Glycoprotein D of Herpes Simplex Virus (HSV) Binds Directly 
to HVEM, a Member of the Tumor Necrosis Factor Receptor 

Superfamily and a Mediator of HSV Entry 

J. CHARLES WHTTBECK, 1,2 * 3 * CHARLINE PENG, 1 HUAN LOU, 1 RULIANG XU, lA3 SHARON H. WILLIS, 1 ' 2 ' 3 
MANUEL PONCE DE LEON, 1 - 2 * 3 TAO PENG, 1 ' 2 ' 3 ANTHONY V. NICOLA, 1 REBECCA I. MONTGOMERY, 4 
MORGYN S. WARNER, 4 ATHENA M. SOULDCA, 5 LYNN A. SPRUCE, 5 WILLIAM T. MOORE, 5 

JOHN D. LAMBRIS 5 PATRICIA G. SPEAR 4 GARY H. COHEN, 1,2 

and ROSELYN J. EISENBERG 2 - 3 

School of Dental Medicine, 1 Center for Oral Health Research, 2 School of Veterinary Medicine, 3 and 
School of Medicine, 5 University of Pennsylvania, Philadelphia, Pennsylvania 19104, and 
Department of Microbiology-Immunology, Northwestern University 
Medical School, Chicago, Illinois 6061 7 4 

Received 5 March 1997/Accepted 22 April 1997 

Glycoprotein D (gD) is a structural component of the herpes simplex virus (HSV) envelope which is essential 
for vims entry into host cells. Chinese hamster ovary (CHO-K1) cells are one of the few cell types which are 
nonpermissive for the entry of many HSV strains. However, when these cells are transformed with the gene for 
the herpesvirus entry mediator (HVEM), the resulting cells, .CHO-HVEM12, are permissive for many HSV 
strains, such as HSV-l(KOS). By virtue of its four cysteine-rich pseudorepeats, HVEM is a member of the 
tumor necrosis factor receptor superfamily of proteins. Recombinant forms of gD and HVEM, gD»l(306t) and 
HVEM(200t), respectively, were used to demonstrate a specific physical interaction between these two proteins. 
This interaction was dependent on native gD conformation but independent of its N-linked oligosaccharides, 
as expected from previous structure-function studies. Recombinant forms of gD derived from HSV-l(KOS)ridl 
and HSV-l(ANG) did not bind to HVEM(200t), explaining the inability of these viruses to infect CHO- 
HVEM12 cells. A variant gD protein, gD-l(A290-299t), showed enhanced binding to HVEM (200 1) relative to 
the binding of gD-l(306t). Competition studies showed that gD-l(A290-299t) and gD-l(306t) bound to the 
same region of HVEM (200 1), suggesting that the differences in binding to HVEM are due to differences in 
affinity. These differences were also reflected in the ability of gD-l(A290-299t) but not gD-l(306t) to block HSV 
type 1 infection of CHO-HVEM12 cells. By gel filtration chromatography, the complex between gD-l(A290- 
299t) and HVEM (200 1) had a molecular mass of 113 kDa and a molar ratio of 1:2. We conclude that HVEM 
interacts directly with gD, suggesting that HVEM is a receptor for virion gD and that the interaction between 
these proteins is a step in HSV entry into HVEM-expressing cells. 



The envelope of herpes simplex virus (HSV) is complex, as 
it contains at least 10 virus-encoded glycoproteins (53). How- 
ever, only a subset of these mediate virus entry in cell culture. 
The initial interaction of HSV with cell surface heparan sulfate 
proteoglycans is. mediated by glycoprotein C (gC) and/or gB 
(19, 20, 62). This is presumably followed by interaction of one 
or more of the viral glycoproteins with cellular receptors (6, 25, 
26, 29). Then gD, gB, and the complex of gH and gL act 
individually or in combination to trigger pH-independent fu- 
sion of the viral envelope with the host cell plasma membrane 
(53). 

• Several lines of evidence have implicated gD as an HSV 
receptor-binding protein. For example, UV-inactivated wild- 
type HSV virions, but not UV-inactivated virions lacking gD, 
are able to block infection by HSV (26, 29). Second, wild-type 
strains of HSV do not infect cells expressing gD (5, 27). This 
gD-mediated interference occurs at the level of penetration 
and is dependent on the structure of gD in the infecting virus 
(6, 11, 12, 27, 44). Lastly, cells incubated in the presence of 
soluble, truncated gD (gDt) are resistant to infection (17, 25, 
39, 55). A unifying explanation for these observations is that 
inhibition is primarily due to binding of nonvirion gD to cel- 
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lular receptor(s) which prevents them from binding to gD in 
the virus. 

gD is a typical type I integral membrane glycoprotein. In its 
ectodomain of 319 amino acids, gD has three sites for the 
addition of N-linked oligosaccharides (N-CHO) and six cys- 
teine residues arranged into three disulfide bonds (31). gD 
function is dependent on its native conformation but is inde- 
pendent of the three N-CHO (9, 15, 51, 52, 54). Mutagenesis 
coupled with complementation analysis identified four sepa- 
rate regions of gD that are important for virus entry (7, 37). 
Wild-type and mutant forms of gDt were cloned into a bacu- 
lovirus expression system, and the abilities of these proteins to 
block HSV infection were studied. The ability of gDt to inhibit 
HSV infection depends on its native conformation (39) but is 
independent of the presence of the three N-CHO (60). Some 
mutations ablated the ability of gDt to block infection, whereas 
others, such as gD-l(A290-299t), markedly enhanced blocking 
activity. We speculated that changes in gDt structure altered its 
ability to interact with cellular protein(s), i.e., receptor(s) (38, 
39). This hypothesis could best be verified by identifying the 
cellular receptor(s) which interacts with gD to mediate HSV 
entry. 

Recently, expression cloning was used to isolate and identify 
a HeLa cell gene product which upon expression in normally 
nonpermissive Chinese hamster ovary (CHO) cells allows for 
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entry of many HSV strains (35). This gene product, the her- 
pesvirus entry mediator (HVEM), is a 230-amino-acid type I 
integral membrane protein. Because it contains a motif of four 
cysteine-rich pseudorepeat sequences, it is considered a new 
member of the tumor necrosis factor receptor (TNFR) super- 
family (1, 50). A soluble form of HVEM (consisting of the 
ectodomain of HVEM fused in frame to the C H 2 and C H 3 
domains of rabbit immunoglobulin G [IgG] heavy chain), 
HVEM:Fc, blocks HSV type 1 (HSV-1) infection of CHO cells 
stably transformed to express HVEM on the cell surface 
(CHO-HVEM12 cells). Moreover, polyclonal antibodies to 
HVEM:Fc block HSV-1 infection of CHO-HVEM12 cells. 
Three HSV-1 strains with changes in the gD sequence infected 
CHO-HVEM12 cells with markedly reduced efficiencies, sug- 
gesting that HVEM interacts directly with gD. 

In this study, our goal was to test the hypothesis that gD can 
interact directly with HVEM. The approach was to use purified 
truncated forms of both HVEM and viral glycoproteins in 
direct binding assays. Among the five herpesvirus glycoproteins 
involved in entry, only gD was able to bind to HVEM. The 
binding was dependent on the native conformation of gD but 
independent of its N-CHO. These and other studies presented 
here show that HVEM meets the criteria for a receptor which 
interacts with gD and leads to HSV entry. 

MATERIALS AND METHODS 

Cells and virus. African green monkey (Vero) cells were grown in Dulbecco's 
minimal essential medium (DMEM) supplemented with 5% fetal bovine serum 
(FBS). Vero-gL cells, stably transfected with a plasmid expressing HSV-1 gL (35, 
40), were grown in DMEM-10% FBS with G418 (400 u.g/ml). CHO-HVEM12 
cells (35) were grown in Ham's F-12 medium supplemented with 10% FBS and 
200 u,g of G418 per ml Sf9 {Spodoptera fivgiperda) cells (GIBCO BRL) were 
grown in Sf900TI medium (GTBCO BRL). KOS-gL86 is a mutant KOS vims in 
which the Escherichia colt lad gene under the control of the cytomegalovirus 
immediate-early promoter replaces part of the gL open reading frame (ORF) 
(35, 40). This virus was propagated on Vero-gL cells. 

Construction of a baculovirus recombinant expressing a truncated and se- 
creted form of HVEM. The strategy used was the same as that employed in the 
construction of a baculovirus recombinant expressing gD-l(306t) (49). Plasmid 
pBECIO contains the entire coding sequence for the HVEM ORF (35). A 486-bp 
fragment of HVEM, corresponding to amino acids 39 to 200 (where amino acid 
39 is the first amino acid after the predicted signal peptide sequence), was 
amplified by PCR. The amino-tcrminal primer, 5'-GCGAGATCTGCCATCAT 
GCAAGGAGGACGAGTA-3', hybridized to the noncoding strand of HVEM 
and added a Bgftl site (bold letters) just upstream from the codon for amino acid 
39, The carboxy-tenninal primer, 5'-GCGTGATCAGTGGTGGTGGTGGTGG 
TGGG AG CTG CTG GTTCCAGCT-3 ', added five histidine codons after the 
histidine at amino acid 200 of HVEM, a stop codon, and a Bct\ site (bold letters). 
The histidine codons were added to provide a binding site for nickel- nitriloacc tic 
acid-agarose resin (Qiagen) for purification (see below). The PCR-amplified 
product was digested with Bgfll and Bell and Ugated with DNA from plasmid 
pVT-Bac (56) which had been digested with BamHl. The mcllitin signal se- 
quence, coded for by pVT-Bac, replaced the HVEM signal. An extra aspartic 
acid codon was added to the N terminus of HVEM as a result of cloning (Fig. 
1A). The ligatcd plasmid was used to transform XL2-Blue (Stratagenc) compe- 
tent E. coli cells. The resulting plasmid, pCW275, was recombined into baculo- 
virus {Autographa calif omica nuclear polyhedTOsis virus) by cotransfection with 
Baculogold DNA (Pharmingen) (49). Plaques were picked and amplified. Cul- 
ture superaatants were screened for HVEM expression by sodium dodecyl sul- 
fate -poly acrylamide gel electrophoresis (SDS-PAGE) and Western blotting (im- 
munoblotting). Blots were probed with rabbit anti-HVEM peptide serum R133 
(see below). (Fig. 1A). Baculovirus recombinants expressing HVEM were sub- 
jected to two additional rounds of plaque purification (49). The recombinant 
baculovirus was named bac-HVEM(200t). The recombinant protein was desig- 
nated HVEM(200t) (Fig. 1A). 

Purification of HVEM(200t). Sf9 cells grown in 3-liter suspension cultures (61) 
were infected with bac-HVEM(200t) at a multiplicity of infection of 4; At 48 h 
postinfection, the supernatant was clarified by ccntrifugation (1,500 X g for 30 
min at 4*C) and then by filtration (0.22-u.m- pore-size filter). The supernatant was 
concentrated and exchanged into 600 ml of phosphate-buffered saline (PBS) by 
tangential flow filtration (10*kDa molecular mass cutoff membrane; Milliporc). 
The protein solution was mixed with 2.5 ml of nickcl-nitriloacctic acid resin 
(Qiagen; preequilib rated with PBS) and incubated overnight at 4°C on a rotary 
shaker. The resin was pelleted (100 x g for 10 min at 4 e C) ( resuspended in PBS, 
transferred to a column, and washed first with PBS and then with stepwise 
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FIG. 1. Schematic representations of gD and HVEM proteins. (A) Diagrams 
of the full-length HVEM from HeLa cells (35) and the recombinant baculovirus 
protein HVEM(200t). Leucine 39 is the first amino acid residue of the mature 
protein (after removal of the predicted signal sequence). In HVEM(200t), the 
natural signal was replaced by the honeybee m ell i tin signal encoded by the 
insertion vector pVT-Bac (56). Cloning of the HVEM ectodomain ORF into 
pVT-Bac also added an aspartic acid residue to the N-tcrminus. HVEM(200t) 
was truncated at histidine 200 prior to the predicted transmembrane region 
(TMR) and five additional histidine residues were added to the C terminus. 
Consensus sites for the addition of N-CHO are indicated by balloons. The 
24-amino-acid (aa) peptide (aa residues 139 to 162) used to prepare R133 
antiserum is shown below the full-length form of HVEM. The boundaries of the 
four cysteine-rich pseudorepeat (CRP) elements present in the HVEM ectodo- 
main are shown below HVEM(200t). (B) Forms of HSV-1 gDt produced by 
recombinant baculovirus-infected cells (38, 39, 49). Each form is truncated prior 
to the TMR and contains a six-histidine tag at the carboxy terminus. gD-l(306t) 
(Pat ton strain) has the same sequence as gD from strain KOS through amino 
acid 306. Not shown is gD-2(306t) from HSV-2 strain 333 (39). N-CHO sites are 
indicated by balloons. Cysteine residues, along with the disulfide bonding pattern 
determined for full length gD-1 (31), are also shown. gD-l(QAAt) has three 
amino acid changes relative to gD-l(306t), N94Q, S123A, and T264A, resulting 
in a molecule lacking N-CHO (49). gD-l(A290-299t) contains a combined dele- 
tion and linker-insertion mutation where amino acid residues 290 through 299 of 
gp-l(306t) (IPPNWHIPSI) are replaced by the amino acid residues RKIF (7, 
39). gD-l(ridlt) has a single amino acid change (Q27P), and gD-l(ANGt) has 
three amino acid changes (L25P, Q27R, and T230I) relative to gD-l(306t) (38). 



increasing concentrations of imidazole (0.01 to 0.25 M) in 0.02 M phosphate 
buffer (pH 7.5) containing 0.5 M NaQ. The 0.25 M eluate, containing most of the' 
HVEM(200t); was dialyzcd against PBS and concentrated (10-kDa molecular 
mass centrifugal membrane; Millipore). The yield of purified HVEM(200t) was 
2 to 3 mg/liter of supernatant. 

Production and purification of soluble forms of HSV glycoproteins. The pro- 
duction and purification of gD-l(306t), gD-2(306t), gD-l(QAAt), gD-l(A290- 
299t), gD-l(ridlt), gD-l(ANGt), and gC-l(457t) (Fig. IB) from recombinant 
baculovirus-infected cells have been described elsewhere (38, 39, 49, 55). HSV-1 
gH truncated at amino acid 792 and complexed to full-length HSV-1 gL was 
produced by mouse L cells stably transformed with plasmid s pCMV3gH(792) 
and pCMV3gL*l (14). This cell line, HL-7, was kindly provided by Gary Dubin. 



Vol. 71, 1997 



HSV gD BINDS DIRECTLY TO HVEM 6085 



The properties of these cells and gHt-gL purification protocols aTe described in 
detail elsewhere (41). gB-ls was produced in 293 (human kidney) cells stably 
transformed with plasmid pRP-RSV-gBs (32). These cells, which were kindly 
provided by R. Manservigi, were maintained in DMEM supplemented with 10% 
FBS and 3 jig of methotrexate peT mL To obtain secreted protein, cells were 
grown for 24 h in serum-free medium lacking methotrexate and the supernatant 
was applied to a column of anti-gB-1 monoclonal antibody (MAb) A22-Sepha- 
rose. The column was washed with 0.01 M Tris (pH 7.5) containing 0.15 M NaCI 
and then eluted with 3 M KSCN. The eluate was dialyzed against PBS and 
concentrated (PM10 membrane; Amicon). Soluble purified CD4 was kindly 
provided by Robert Doms, and sTva, a recombinant baculovirus-produced form 
of Tva, the receptor for Rous sarcoma virus (18), was kindly provided by Paul 
Bates. 

Antibodies. Monospecific antiserum (R133) to HVEM was generated by im- 
munizing a rabbit with peptide RRYATSSPGQRVQKGGTESQDTLC (Rg. 
1A) coupled to keyhole limpet hemocyanin as previously described (8). R133 
specifically recognizes the synthetic peptide used for immunization. The produc- 
tion of antiserum to HVEM:Fc was previously described (35). R7 antiserum was 
raised against gD-2 isolated from virus-infected cells (23). R46 antiserum was 
raised against gC isolated from HSV-1 -infected cells (16). R69 antiserum was 
prepared against reduced and alkylated gB isolated from HSV-1 -infected cells 
(16). MAbs 37S (48) and 8H4 (14) were used to detect gH and gL, respectively. 
MAb A22.1, used for gB purification, was kindly supplied by Becton Dickinson. 

SDS-PAGE analysis. Purified glycoproteins were separated by SDS-PAGE 
under reducing conditions in precast Tris-glycine gels (Novex). After SDS- 
PAGE, separated proteins were either silver stained (Pharmacia) or transferred 
to nitrocellulose and reacted with the appropriate antiserum. Blots were blocked 
with PBS containing 5% milk and 0,2% Tween 20 and incubated with secondary 
antibody (goat anti-mouse or goat-anti rabbit) coupled to horseradish peroxidase 
in PBS containing 5% milk and 0.2% Twecn 20. Blots were washed with 0.2% 
Tween 20 in PBS, and bands were visualized by exposure to X-ray film after the 
addition of chemiluminescent substrate (ECL; Amersham). Purified glycopro- 
teins were digested with glycosidases as previous!^ described (45, 49). 

Blocking of HSV-1 entry Into CHO-HVEM12 and Vero cells by soluble gD or 
soluble HVEM. Vero and CHO-HVEM12 cells were plated on 96-well dishes 
and incubated ovemight. For experiments with soluble gD, cells were chilled to 
4°C for 10 min and the medium was replaced with DMEM-5% FBS containing 
various concentrations of gD-l(306t) or gD-l(A290-299t). The plates were 
rocked for 90 min at 4°C, at which time KOS-gL86 (5 X 10 5 PFU/well) was 
added. The plates were rocked for an additional 90 min at 4°C and then 
DMEM-5% FBS containing the appropriate soluble gD was added to maintain 
the initial concentration of soluble gD during the subsequent 6 h of incubation 
at 37°C. The experiments with soluble HVEM were done as previously described 
(35). Briefly, KOS-gL86 was mixed with various concentrations of HVEM(200t), 
HVEM:Fc (35), or rabbit IgG as a control and then incubated for 30 min at 37°C 
before addition to CHO-HVEM12 cells on 96-well plates. After 2 h of incubation 
at 37°C, cells were treated with 0.1 M citrate buffer (pH 3.0) to inactivate 
extracellular virus. Cells were washed and incubated in PBS containing glucose 
and 1% calf serum for 4 h at 37°C. In both types of assays, cells were washed with 
PBS at 6 h postinfection, substrate (o-nitrophenyl-p-D-glucopyranoside in PBS 
containing 0.5% Nonidet P-40) was added to each well, and p-galactosidase 
activity was measured at various time points with a Spectromax 250 enzyme- 
linked immunosorbent assay (ELISA) reader. The results were plotted as per- 
centages of controls in which no soluble gD or HVEM was present. 

EUSA. Soluble receptor proteins [HVEM(200t), CD4, and sTva] in PBS were 
bound to wells of microliter plates for 3 h at room temperature (RT). Plates were 
washed with 0.1% Tween 20 in PBS (PBS-Twcen) and incubated in 5% nonfat 
milk-0.2% Tween 20 in PBS (blocking solution) for 30 min at RT. Plates were 
washed with PBS-Tween and incubated with gD (or other HSV-1 envelope 
glycoproteins) at various concentrations in blocking solution for 16 h at 4°C. 
Plates were washed with PBS-Tween and incubated for 30 min at RT with the 
appropriate antiserum diluted in blocking solution. Plates were washed three 
times with PBS-Tween and incubated with horseradish peroxidase -conjugated 
secondary antibody diluted in blocking solution. Plates were washed once with 
PBS-Tween and then with 20 mM citrate buffer (pH 4.5). A substrate of 2,2'- 
azino-di-(3-cthylbenzthiazoline sulfonate) (Moss, Inc.) in citrate buffeT (pH 4.5) 
was added, and the A ^ was read with a micro titeT plate reader (Bio-Tek). 

Competition binding assay with l2S Mabel«d gD-l(A290-299t). HVEM(200t) 
in PBS at a. concentration of 200 nM was used to coat modular 96-well microliter 
plates for 3 h at RT. Plates were washed and blocked as described above for 
ELISA Serial threefold dilutions of unlabeled competitor proteins in blocking 
solution were added to duplicate wells of the plate, and 125 I-labeled gD-l(A290- 
299 1), iodinated as previously described (36), was added to a final concentration 
of 14 nM. Plates were incubated for 16 h at 4*C and washed with PBS-Tween. 
Wells were separated and counted in a gamma counter (Wallac), At each con-, 
centration of competitor, the percentage of 123 I-labeled gD-l(A290-299t) bound 
was calculated as follows: [counts per minute of l25 I-labeled gD-l(A290-299t) 
bound in the presence of competitor/counts per minute of 125 1 -labeled gD- 
l(A290-299t) without competitor] X 100. 

Mass spectrometry, gel filtration, and N-termlnal sequencing. Matrix-assisted 
laser desorption-ionization mass spectrometry (21) was performed with samples 
of HVEM(200t) dissolved in 50% acctonitrile containing 1% triflu or o acetic acid 
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FIG. 2. SDS-PAGE analysis of purified HVEM(200t). Purified HVEM(200t) 
was clectrophoresed through a 12% Tris-glycine-polyacrylamide gel under re- 
ducing conditions and visualized by silver staining (A) or Western blotting with 
R133 antiserum (B). The sizes of stained protein bands were calculated from the 
migration of molecular mass standards. (C) Purified HVEM(200t) was incubated 
under identical conditions without (-) or with (+) endo H or glyco F. Mock- and 
enzyme-digested samples were electrophoresed under reducing conditions 
through a 12% Tris-glycine-polyacrylamide gel, Western blotted, and probed 
with R133 antiserum. 



and diluted with 2-(4-hydroxyphcnylazo)bcnzoic acid (Aldrich) as previously 
described (45). Fot gel filtration, proteins were diluted with PBS and were 
applied to a calibrated Superdex 200 column (HR 10/30; Pharmacia). Fractions 
were collected and analyzed for HVEM(200t) and gD-l(^290-299t) by SDS- 
PAGE and subsequent immunoblotting with R133 antiserum to visualize HVEM 
and R7 antiserum to visualize gD. Samples of HVEM(200t) and gD- 1(^290- 
299t), as well as the complex of the two proteins isolated by size exclusion 
chromatography, were sequenced by adsorprive protocols with a Perkin-Elmer/ 
Applied Biosystems 473 A microsequenccr (45). 



RESULTS 

Characterization of baculovirus-produced HVEM(200t). 
Previously we constructed a plasmid which upon transfection 
into mammalian cells produced the ectodomain of HVEM 
fused to the Fc region of rabbit IgG (HVEM:Fc) (35). For the 
production of large quantities of HVEM, we expressed the 
ectodomain with a C-terminal, six-histidine tag, HVEM(200t), 
in the baculovirus system (Fig. 1A). HSV glycoproteins ex- 
pressed in insect cells from baculovirus recombinants have 
properties similar to those of proteins produced in mammalian 
cells (38, 39, 45, 49, 55). 

HVEM(200t) was purified by nickel-agarose chromatogra- 
phy and analyzed by SDS-PAGE (Fig. 2A and B). The protein 
was present primarily in three closely migrating silver-stained 
bands (Fig. 2A), ranging from 23 to 25 kDa. A faint band which 
migrated to 38 kDa was sometimes seen (Fig. 2C). On Western 
blots, the same bands also reacted with* both R133 and anti- 
HVEM:Fc (35) (data not shown). 

The deduced HVEM amino acid sequence includes two 
potential sites for the addition of N-CHO, and HVEM:Fc was 
shown to be N glycosylated (35). Purified HVEM(200t) was 
digested with endoglycosidase H (endo H) and glycopeptidase 
F (glyco F) to verify that it also contained such posttransla- 
tional N-CHOmodifications (Fig. 2C). Treatment with endo H 
had no effect, whereas treatment with glyco F increased the 
mobility of HVEM(200t). The simplest interpretation is that 
the closely migrating bands in the control lane represent 
HVEM(200t) with two, one, or no mature (Golgi-modified)- 
forms of N-CHO. The mobility of the 38-kDa band was also 
altered by glyco F, suggesting that it was a dimeric form of 
HVEM(200t) which survived the denaturation conditions. 

Because HVEM(200t) exhibited heterogeneity by SDS- 
PAGE, we examined it by mass spectrometry (Fig. 3A). 
HVEM(200t) was detected as a major peak of 20,020 Da and 
two minor peaks, with each one about 700 Da smaller. The 
minor peaks may represent HVEM(200t) with one or no N- 
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FIG. 3. Analysis of the molecular size of purified HVEM(200t). (A) Purified 
HVEM(200t) was dissolved in 50% acetonitrile containing 1% trifluoroacetic 
acid, diluted with 2-{4-hydroxvphertylazo)benzoic acid, and analyzed by mass 
spectrometiy. The calculated masses of the three peaks of singly charged species 
arc indicated. (B) HVEM(200t) (35 u,M in PBS) was loaded onto a Superdex 200 
gel filtration column and eluted with PBS. The eluate was monitored for protein 
by Ajbo- The majoT <4 2 so peak had a calculated molecular mass of 40,450 Da, 
based on the peak positions of molecular mass standards (indicated by arrows). 



CHO (45). No covalently linked dimericf species were detected. 
N-terminal sequencing of purified HVEM(200t) confirmed the 
expected amino acid sequence through 10 residues (data not 
shown). No other sequences were present, suggesting that the 
size heterogeneity of HVEM(200t) is due primarily to hetero- 
geneity of N-CHO. 

By gel filtration (Fig. 3B), HVEM(200t) eluted with a cal- 
culated mass of 40 kDa, suggesting that it is a dimer in solution. 
SDS-PAGE and immunoblot analyses of the peak fractions 
from the gel filtration column indicated that the 40-kDa form 
contained all three glycosylation isofonns (data not shown). 

It was previously shown that HVEM:Fc blocks HSV-l(KOS) 
infection of CHO-HVEM12 cells (35). To determine whether 
HVEM(200t) had similar biological activity, HVEM(200t), 
HVEM:Fc, and rabbit IgG were tested for the ability to block 
HSV-l(KOS) entry into CHO-HVEM12 cells (Fig. 4). The 
results showed that the two recombinant forms of HVEM were 
equally effective in blocking HSV infection. In both cases, the 
concentration necessary to inhibit infection by 50% was 1 |xM. 
In this experiment, the rabbit IgG control had some inhibitory 
effect when it was present at high concentrations, possibly due 
to interaction with gE and gl (13). The results suggested that 
both HVEM(200t) and HVEM:Fc interacted with at least one 
virion component essential for virus entry. - 

Evidence that gD binds directly to HVEM. Having demon- 
strated that HVEM(200t) had biological activity, we next used 
EUSA to examine the in vitro interaction between gD-l(306t) 
and HVEM(200t) (Fig. 5). Microtiter plates were coated with 
various concentrations of HVEM(200t), and then the plates 
were incubated with various concentrations of gD-l(306t) (49), 
ranging from 1 nM to 1 u.M. Bound gD was detected with 
anti-gD serum R7. Increasing amounts of gD-l(306t) bound as 
the concentration of HVEM(200t) increased, up to a concen- 
tration of 200 nM (Fig. 5A). No binding was detected in con- 
trol wells containing no HVEM(200t). The experiment was 
repeated at 200 nM HVEM(200t) and with a greater range of 
gD-l(306t) concentrations (up to 20 uM) to be certain that the 
reaction was saturable (Fig. 5B). Saturation occurred at 5 jjlM 
gD-l(306t). In subsequent experiments, plates were coated 
with 200 nM HVEM(200t). 



Is the reaction specific for HVEM and gD? To be certain we 
were not detecting nonspecific binding to a glycoprotein re- 
ceptor, we carried out two experiments (Fig. 6). First, we asked 
whether secreted forms of other HSV glycoproteins involved in 
entry (i.e., gB, gC, and gH-gL) could bind to HVEM(200t). 
Each of these proteins was purified by immunoaffinity chro- 
matography, and each reacted as expected with several differ- 
ent MAbs (14, 33, 39, 42, 55) (data not shown). Various con- 
centrations of gD-l(306t), gD-2(306t) (39), gC-l(457t) (55), 
gB-ls (33), and gHt-gL (42) were incubated on ELISA plates 
coated with HVEM(200t), and binding was detected with an- 
tibody to each glycoprotein. gD-l(306t) and gD-2(306t) bound 
similarly to HVEM(200t) (Fig. 6A); however, gC-l(457t), gB- 
ls, and gHt-gL failed to bind, indicating the specificity of 
HVEM binding for gDt. The fact that gD-l(306t) and gD-2 
(306t) bound similarly to HVEM(200t) is consistent with the- 
finding that the entry of both HSV-1 and HSV-2 strains into 
CHO cells was enhanced by the expression of HVEM (35). 
Both forms of gD can also block HSV infection of Vero cells 
(39), although the mediator(s) of entry into these cells has not 
yet been identified. 

As a second test of specificity, we examined the binding of 
gD-l(306t) to soluble forms of extraneous viral receptors. gD-1 
(306t) bound to EUSA plates coated with HVEM(200t) but 
not to plates coated with CD4 (the HTV-1 receptor) or sTva (a 
soluble form of the Rous sarcoma virus receptor) (18) (Fig. 
6B). In separate experiments, neither gD-l(306t) nor gD-1 
(A290-299t) bound to purified soluble mannose-6-phosphate 
receptor (4) (data not shown). Thus, the observed binding was 
specific both for gD and for HVEM. 

Binding of HVEM to gD depends on gD conformation but 
not on N-CHO on gD. The antigenic structure of gD and its 
function in infection are highly dependent on its native con- 
formation and the maintenance of its three disulfide bonds (15, 
31). Denaturation of gDt destroys its ability to interact with 
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FIG. 4. Effects of soluble HVEM on HSV-1 infection CHO-HVEM12 cells. 
Various concentrations of HVEM(200t), HVEM:Fc, and rabbit IgG were incu- 
bated with KOS-gL86 for 30 min at 37°C prior to inoculation of cells on 96-well 
plates. After 2 h of incubation at 37*0, cells were treated with low-pH buffer to 
inactivate extracellular virus, washed, and then incubated for an additional 4 h. 
Cells were lysed for quantitation of 0-galactosidase activity, which was propor- 
tional to the number of infected cells and was expressed as a percentage of the 
activity detected in the absence of soluble HVEM. 
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TIC. 5. Binding of gD-l(306t) to HVEM(200t). (A) Various concentrations 
of HVEM{200t) were bound to wells of an ELISA plate in PBS. Various con- 
centrations of gD-l(306t) were added to the bound HVEM(200t) for 16 h at 4*C 
Bound gDt was detected with anti-gD senim R7, followed by peroxidase-conju- 
gated secondary antibody and substrate. The data are the averages of duplicate 
wells. The experiment was repeated twice with similar results. (B) HVEM(200t) 
at a concentration of 200 nM in PBS was bound to an ELISA plate and then 
incubated with various concentrations of gD-l(306t) for 16 h at 4°G Bound gDt 
was detected with R7 antiserum, followed by peroxidase-conjugated secondary 
antibody and substrate. The data are the averages of duplicate wells. 
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FIG. 6. Specificity of the gD-HVEM interaction. (A) HVEM(200t) at 200 
nM in PBS was adsorbed to ELISA plates and incubated with various concen- 
trations of gD-l(306t), gD-2(306t), gCM(457t), gB-ls, and gHt-gL for 16 h at 
4 6 C. Bound proteins were detected with antiserum R7 (for gD), R47 (for gC), 
R69 (for gB), or a mixture of MAbs 37S and 8H4(for gH and gL, respectively), 
followed by peroxidase-conjugated secondary antibody and substrate. Tbe data 
are averages of duplicate wells. The experiment was repeated twice with similar 
results. (B) Wells of an ELISA plate were coated with 200 nM HVEM(200t), 
CD4, or sTva in PBS and then incubated with various concentrations of gD-1 
(306t) for 16 h at 4°C. Bound gDt was detected with antiserum R7, followed by 
peroxidase-conjugated secondary antibody and substrate. The data are the av- 
erages of triplicate wells. The experiment was repeated twice with similar results. 



conformation-dependent MAbs and results in the loss of its 
biological activity (39). In contrast, gD function is retained 
when the three sites for N-CHO addition are mutated (51, 52). 
A variant form of gDt, gD-l(QAAt), which lacks signals for 
N-CHO (Fig, IB) (49) is able to block infection of Vero cells 
as effectively as wild-type gDt does (46, 60). These properties 
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FIG. 7. Binding of denatured and mutant forms of gD to HVEM(200t). 
ELISA plates were coated with 200 nM HVEM(200t) in PBS, blocked, and 
incubated with various concentrations of gDt. Bound gD was detected with 
antiserum R7, followed by peroxidase-conjugated secondary antibody and sub- 
strate. The data are the averages of duplicate wells, and each experiment was 
repeated twice with simDar results. (A) The binding of gD-l(306t) was compared 
with that of reduced and alkylated gD-l(306t). gDt was reduced and alkylated by 
previously described methods (45), desalted, and exchanged into PBS on a Pierce 
polyacrylamide 6000 desalting column. (B) The binding of gD-l(306t) was com- 
pared with that of gD-l(QAAt). (C) The binding of gD-l(306t) was compared 
with those of gD-l(ANGt) and gD-l(ridlt). 



predicted that if binding of gD to- HVEM is relevant to gD 
function in vivo, then in vitro binding of gD to HVEM should 
be dependent on disulfide bonds but independent of N-CHO 
on gD. gD-l(306t) was reduced and alkylated to ensure that 
there would be no refolding during the incubation period with 
HVEM, and this treatment ablated its binding to HVEM(200t) 
(Fig. 7A). In contrast, gD-l(QAAt) bound as well as gD-1 



(306t) did to HVEM(200t) (Fig. 7B). Thus, HVEM has req- 
uisite properties of a gD-binding viral receptor. 

HVEM does not bind to gD proteins containing the ridl and 
ANG mutations. The expression of HVEM by CHO-HVEM12 
cells enhances the entry of several wild-type strains of HSV-1 
and HSV-2 (35). However, three strains of HSV-1 known to 
carry mutations in the gD gene did not exhibit enhanced entry 
into CHO-HVEM12 cells, although they are fully infectious 
for other cell types such as Vero cells. These viruses were 
HSV-l(KOS)ridl (KOS-ridl), KOS-rid2, and HSV-l(ANG). 
KOS-ridl and KOS-rid2 were selected for resistance to gD- 
mediated interference, and both exhibited a change in amino 
acid 27 of gD (Q27P and Q27R, respectively) (11). HSV-1 
(ANG) gD has the same substitution at amino acid 27 as 
KOS-rid2 gD does as well as changes at amino acids 25 (L25P) 
and 230 (T230I) (24). There are also several changes within the- 
cytoplasmic tail of HSV-1(ANG) relative to HSV-l(KOS). The 
failure of these viruses to infect CHO-HVEM12 cells could be 
due to the inability of gD from these strains to bind to HVEM. 
Therefore, we tested the abilities of truncated versions of these 
proteins, gD-l(ridlt) and gD-l(ANGt) (Fig. IB), to bind to 
HVEM(200t). The biological and structural properties of these 
proteins have been described previously (38). 

Neither gD-l(ridlt) nor gD-l(ANGt) bound to HVEM 
(200t) in an ELISA (Fig. 7C), thus accounting for the inability 
. of viruses containing these gDs to infect CHO-HVEM12 cells. 
It is worth noting that both of these proteins are able to block 
HSV infection of Vero cells (38). The results support the con- 
cept that the entry of KOS-ridl and HSV-1 (ANG) into per- 
missive cells involves cellular proteins other than (or in addi- 
tion to) HVEM (35, 57). 

gD-l(A290-299t) shows enhanced binding to HVEM(200t). 
Baculovirus-produced gDt blocks HSV-1 and HSV-2 infec- 
tions of Vero and other mammalian cells (38, 39, 55). Among 
several gDt variants, gD-l(A290-299t) (Fig. IB) exhibited un- 
expectedly enhanced inhibitory activity. This observation pre- 
dicted that gD-l(A290-299t) might bind to HVEM(200t) better 
than gD-l(306t) did, and we tested this by ELISA (Fig. 8A). 
Comparable binding to HVEM(200t) occurred at concentra- 
tions of gD-l(A290-299t) that were considerably lower than 
those of gD-l(306t). 

The differences in the binding of the two forms of gDt to 
HVEM(200t) could be either simply quantitative [i.e., gD-1 
(A290-299t) has a higher affinity for HVEM] or qualitative as. 
well (i.e., the two proteins could interact with different regions 
of HVEM). To distinguish between these possibilities, we car- 
ried out binding competition studies with 125 I-labeled gD-1 
(A290-299t) (Fig. 8B). A fixed amount of iodinated gDt [the 
concentration necessary to give half-maximal binding to 
HVEM(200t)] was mixed with increasing concentrations of 
unlabeled gD-l(A290-299t) or gD-l(306t) and then added to 
HVEM(200t). Both proteins competed with the iodinated 
probe for binding to HVEM(200t), indicating that both forms 
of gD bound to the same site. Approximately 50-fold-more 
gD-l(306t) was needed to achieve the same level of blocking as 
that of a given concentration of gD-l(A290-299t), suggesting 
that the enhanced binding of gD-l(A290-299t) is due to a 
higher affinity of interaction for HVEM(200t). 

The results of the binding experiment (Fig. 8A) suggest a 
larger difference in the affinities of the two proteins for HVEM 
than do the results of the competition experiment (Fig. 8B). 
Because the signal in Fig. 8 A depends on antibodies for the 
detection of bound gDt, it is possible that some of this appar- 
ent enhanced binding is due to increased binding of antibody 
to the variant protein. However, in separate experiments, we 
did not see substantial differences in the binding of R7 to gD-1 
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HG. 8. Binding of gD-l(A290-299t) to HVEM(200t). (A) An EUSA plate 
was coated with 200 nM HVEM(200t) in PBS, blocked, and incubated with 
various concentrations of gD-l(306t) and gD-l(A290-299t). Bound gDt was 
detected with antiserum R7, followed by peroxidase-conjugated secondary anti- 
body and substrate. The data are the averages of duplicate wells, and the exper- 
iment was repeated several times with similar results. (B) An ELISA plate was 
coated with 200 nM HVEM(200t) in PBS, blocked, and incubated with 14 nM 
^I-labeled gD-l(A290-299t) in the presence of various concentrations of unla- 
beled gD-l(306t) and gD-l(A290-299t). Individual wells were separated and 
counted in a gamma counter. The data are the averages of duplicate wells at each 
concentration of competitor. The percentage of 1& Mabeled gD-l(A290-299t) 
bound was calculated as follows: (counts per minute of 123 I4abeled gD-l(A290- 
299t) bound in the presence of competitor/counts per minute of "^-labeled 
gD-l(A290-299t) without competitor] X 100. 



(A290-299t) versus that to gD-l(306t) (data not shown). Alter- 
natively, alterations in gD structure resulting from iodination 
could have affected the ability of gD-l(A290-299t) to bind to 
HVEM(200t), thereby influencing the extent of competition 
(Fig. 8B). Experiments to address the issue of affinity without 
the use of antibodies and iodinated forms of the glycoproteins 
are in progress. 

Blocking of HSV-1 infection of CHO-HVEM12 cells with 
forms of gDt. After a demonstration that gD binds to HVEM 
under in vitro conditions, it was of interest to determine 
whether gD blocked HSV infection of CHO-HVEM12 cells. 



Therefore, Vero and CHO-HVEM12 cell monolayers were 
incubated with increasing concentrations of gD-l(306t) and 
gD-l(A290-299t) at 4°C for 90 rain. Then cells were infected 
with the p-galactosidase reporter virus KOS-gL86 (35, 40). As 
previously reported (38, 39) and shown in Fig. 9, both forms of 
gD blocked HSV entry into Vero cells, with gD-l(A290-299t) 
exhibiting enhanced blocking relative to that of gD-l(306t). In 
the case of CHO-HVEM12 cells, gD-l(A290.*299t) but not 
gD-l(306t) blocked infection. The differences seen in blocking 
by the two forms of gD are consistent with the differences seen 
in in vitro binding. Another point of interest is that at least 
10-fold-more gD-l(A290-299t) was needed to inhibit infection 
of CHO-HVEM12 cells compared with that for Vero cells, 
consistent with the high probability that Vero and CHO- 
HVEM12 cells express different levels and kinds of mediators 
of HSV entry. 

Characterization of the gD-HVEM complex by size exclu- 
sion chromatography. To study the interaction between gD 
and HVEM by another method and to assess the stoichiometry 
of the interaction, we mixed gD-l(A290-299t) and HVEM 
(200t) in solution and examined complex formation by size 
exclusion chromatography on a Superdex 200 column. Column 
fractions were analyzed by SDS-PAGE and immunoblotting, 
probing duplicate blots for gD and HVEM (Fig. 10). The 
molecular masses of gD-l(A290-299t) alone and HVEM(200t) 
alone were 58 and 40 kDa, respectively (Fig. 10, blots 1). These 
sizes suggest that both proteins were present in solution in 
dimeric form. Complex formation was then assessed by mixing 
various amounts of gD-l(A290-299t) with a constant amount of 
HVEM(200t) to give molar ratios of gD to HVEM of 1:1, 1:2, 
and 1:3. Each mixture was incubated overnight at 4°C and then 
applied to a Superdex 200 column. When the proteins were 
mixed at a 1:1 ratio (Fig. 10, blots 2), approximately 50% of the 
gD-l(A290-299t) and all of the HVEM(200t) eluted in frac- 
tions corresponding to a higher molecular mass (113 kDa). 
These results indicated that the two proteins were in a complex 
which remained associated during size exclusion chromatogra- 
phy. The presence of a large proportion of free gD-l(A290- 
299t) but not free HVEM(200t) suggested that gD was in 
excess when the proteins weremixed at a 1:1 ratio, i.e., there 
was more HVEM than gD in the complex. Alternatively, a 



150 




10 2 103 10 4 

Protein (nM) 



FIG. 9. Effects of soluble gDt on infection of Vero and CHO-HVEM12 cells. 
Cells on 96-well plates were pretreated with various concentrations of gD-l(306t) 
and gD-l(A290-299t) at 4°C for 90 min. KOS-gL86 was then added for an 
adsorption period of 90 mm at 4°C. Then cells were shifted to 37°C for 6 h and 
lysed for the quantitation of p-galactosidase activity. The data are percentages of 
[J-galactosidase activity detected in the absence of gDt. 
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FIG. 10. Gel filtration of the gD.l(A290-299t)-HVEM(200t) complex. Samples of gD-l(*290-299t) at a concentration of 35 in PBS, HVEM(200t) (35 ilM in 
PBS), and the two proteins mixed at molar ratios of gD to HVEM of 1:1 (35 \LM each), 1:2 (173 \lM gD and 35 u.M HVEM), and 1:3 (11.6 jiM gD and 35 p.M HVEM) 
were incubated for 16 h at 4°C. Each sample was then chromatographed on a Superdex 200 column. Fractions (FRAC.) of 0.5 ml were collected for each column run 
and analyzed by SDS-PAGE, followed by Western blotting. (A) Immunoblots were reacted with antiserum R7 to detect gD. Blots: 1, gD-l(A290-299t) alone- 2 gD-1 
(A290-299t) and HVEM(200t), mixed at a 1:1 molar ratio; 3, gD-l(A290-299t) and HVEM(200t), mixed at a 1:2 molar ratio; 4, gD-l(A290-299t) and HVEM(200t), 
mixed at a 1:3 molar ratio. Arrows indicate the positions of highest A^ for the complex and for gD-l(A290-299t) run alone. (B) Immunoblots were reacted with 
antiserum R133 to detect HVEM. Blots: 1, HVEM alone; 2, gD-l(A290-299t) and HVEM(200t), mixed at a 1:1 molar ratio; 3, gD-l(&290-299t) and HVEM(200t) 
mixed at a 1:2 molar ratio; 4, gD-l(A290-299t) and HVEM(200t), mixed at a 1:3 molar ratio. Arrows indicate the positions of highest A™ for the complex and for 
HVEM(200t) run alone. 280 p 



fraction of the gD-l(A290-299t) was unreactive. However, 
when the starting concentration of gD was decreased and the 
amount of HVEM was kept constant prior to mixing, a greater 
proportion of the total gD was eluted from the column in 
association with HVEM. At a mixing ratio of 1 mol of gD to 2 
mol of HVEM, very little free HVEM or gD-l(A290-299t) was 
seen (Fig. 10, blots 3). At a 1:3 mixing ratio of gD to HVEM, 
the complex still formed but there was a greater proportion of 
free HVEM (Fig. 10, blots 4). A simple interpretation of these 
results is that at a gD/HVEM ratio of 1:2, maximal amounts of 
both proteins were present as a complex and that this ratio 
therefore represents the stoichiometry. When the experiment 
was done with gD-l(306t), no complex was detected by gel 
filtration (data not shown). This result was not unexpected 
based on the ELISA data, i.e., the affinity of gD-l(306t) for 
HVEM(200t) may be too low to maintain a stable complex for 
the time needed to detect it by gel filtration. 

To further evaluate the stoichiometry of the gD-HVEM 
complex, we carried out SDS-PAGE, followed by silver stain- 
ing, of fraction 28 (Fig. 10, blots 3) and compared the inten- 
sities of the gD and HVEM bands in the complex to the 
intensities of known concentrations of each protein run sepa- 
rately (Fig. 11). Quantitation of the proteins was carried out by 
densitometry, and the molar ratio of gD-l(A290-299t) to 
HVEM(200t) was calculated to be 1:2.2. 

In addition, we carried out N-terminaJ sequencing of the 
complex. As controls, we sequenced unfractionated mixtures 
of the two proteins at different molar ratios (data not shown). 
This experiment confirmed the molar ratio of gD-l(A290-299t) 



to HVEM(200t) (1:2) suggested by gel filtration and SDS- 
PAGE analysis of the complex (Fig. 10 and 11). 

DISCUSSION 

Oyer the past decade, a number of laboratories have en- 
deavored to identify a cellular receptor for HSV by in some 
cases focusing on potential interactions with gD (3, 4, 22, 28, 
34, 36, 47). Most recently, a member of the TNFR family of 
proteins, HVEM, was identified as a mediator of HSV entry 
into normally nonpermissive CHO-K1 cells (35). The inability 
of three strains of HSV with mutations in the gD gene to infect. 
CHO-HVEM12 cells (35) strongly suggested that gD binds 
directly to HVEM. 

If in fact gD does bind to HVEM to mediate virus entry, we 
should be able to demonstrate that (i) gD interacts specifically 
with HVEM; (ii) the native conformation, i.e., maintenance of 
three intact disulfide bonds of gD, may be critical for this 
interaction (31); (iii) the three N-CHO on gD are not neces- 
sary for the HVEM interaction (51, 52); and (iv) gD isolated 
from the rid and ANG strains of HSV-1 may fail to. interact 
with HVEM (35, 57). The results presented here verify these 
predictions by showing that purified soluble forms of native gD 
ectodomain, with or without N-CHO, can bind specifically to a 
purified form of HVEM ectodomain, whereas denatured gDt 
or ridl and ANG forms of gDt failed to bind. These results 
demonstrate that gD is a receptor-binding protein for HSV 
entry into cells via HVEM. Although other glycoproteins, in- 
cluding gB and gH-gL, are also required for entry, their roles 
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do not seem to involve stable interactions with HVEM, at least 
none that can be detected with isolated soluble forms of these 
proteins. 

Binding of gDt to HVEM(200t). To test our predictions, we 
chose the baculovirus system for producing large amounts of 
secreted HVEM(200t). Physical-chemical studies confirmed 
the purity of the nickel-agarose-purified glycoprotein and 
showed that it is a dimer in solution. Like HVEM:Fc, this 
protein blocked HSV entry into CHO-HVEM12 cells. We also 
found that gD-l(306t) bound directly to HVEM(200t) immo- 
bilized on an EUSA plate by utilizing antisera to gD to detect 
the interaction. When, the assay was reversed by coating the 
plate with gD-l(306t) and adding HVEM(200t), we did not 
detect bound HVEM(200t) with the antipeptide serum R133. 
Although the reason for this is not clear, it is possible that 
residues 139 to 162 of HVEM (corresponding to those used for 
preparing the antiserum) interact with gD, thereby sterically 
blocking the binding of the antipeptide antibodies. Studies to 
localize the domains of HVEM which interact with gD are in 
progress. 

Our results show that gD-l(306t) bound to HVEM(200t) 
specifically and in a saturable manner. No other HSV glyco- 
protein bound to HVEM, and gD did not bind to other soluble 
receptors. We further found that native gD conformation was 
critical for its interaction with HVEM but that N-CHO on gD 
were irrelevant. These two properties meet the criteria for gD 
function in virus infection. As predicted, forms of gDt from the 
ridl and ANG strains of HSV-1 did not bind to HVEM(200t). 
These data suggest that at least residue 27, and perhaps resi- 
dues 25 and 230 of gD, is directly involved in binding to 
HVEM. Alternatively, alteration of these residues may indi- 
rectly affect the structure of the interacting residues on gD. We 
previously showed that both gD-l(ridlt) and gD-l(ANGt) ex- 
hibited structural differences compared with gDt from the 
KOS strain (38). Interestingly, gD-2(306t) bound to HVEM 
(200t) as well as gD-l(306t) did, even though they differ in 
amino acid sequence at 35 residues. Both proteins also block 
infection of Vero cells by HSV-1 and HSV-2 equally well (39). 
Significantly, they have the same amino acids at residues 25, 27, 
and 230 as do the gDs from many strains of HSV-1 and HSV-2. 

A gD-1 variant protein carrying a combined deletion and 
linker-insertion mutation, gD-l(A290-299t), was previously 
shown to have an enhanced ability to block HSV infection of 
Vero cells (38, 39). Here we showed that comparable binding 
to HVEM(200t) occurred at concentrations of gD-l(A290- 
299t) considerably lower than those of gD-l(306t). Our studies 



further indicated that gD-l(A290-299t) and gD-l(306t) com- 
peted for the same site(s) on HVEM but that the interaction 
between gD-l(A290-299t) and HVEM(200t) was stronger. Ex- 
periments to examine the affinity of the interaction are in 
progress. From the .results of EUSA experiments, we estimate 
that the K d for gD.l(A290-299t) binding to HVEM is in the 
nanomolar range or less and that the K d for gD-l(306t) binding 
to HVEM is in the micromolar range or less. However, these 
estimates assume that the complex consists of equimolar 
amounts of gD and HVEM. 

In addition to its ability to bind HVEM(200t) in vitro, we 
found that gD-l(A290-299t) blocked HSV-1 infection of CHO- 
HVEM12 cells. However, more gD-l(A290-299t) was needed 
to block infection of CHO-HVEM12 cells than was needed to 
block Vero cells and gD-l(306t) did not block infection of 
CHO-HVEM12 cells. One possibility is that CHO-HVEM12 
cells overexpress HVEM and that therefore larger amounts of 
gD-l(306t) (which are not practical to use) are required for 
inhibition; alternatively, the Vero mediator(s) of HSV entry 
may bind to both forms of gDt with higher affinity than does 
HVEM. Thus, gD-l(306t) may bind to HVEM on cells with 
too low an affinity to compete effectively with virion-associated 
gD. We are in the process of isolating additional HVEM- 
expressing CHO cell clones to determine whether there is a 
correlation between the level of HVEM expression and the 
ability of gD to block infection. It is worth noting that gD-1 
(A290-299t) was unable to rescue the infectivity of a gD null 
virus in complementation assays (7). One could argue that 
enhanced binding of gD to receptor interferes with later steps 
of viral entry and that a weak interaction, such as that dis- 
played by wild-type gD-l(306t), is beneficial. These possibili- 
ties will be addressed in future studies. 

Stoichiometry of the gD-HVEM interaction. According to 
the results of gel nitration experiments, the stoichiometry of 
the gD-HVEM complex is 1:2. This stoichiometry was further 
supported by SDS-PAGE analysis as well as by N-terminal 
sequencing of the fractionated complex. Determination of the 
mass of the complex by gel filtration (113 kDa) did not permit 
us to speculate on its exact composition. Assuming that two 
dimers of HVEM(200t) associate with one dimer of gD-1 
(A290-299t), the mass of such a complex should be approxi- 
mately 140 kDa. Alternatively, one dimer of HVEM(200t) 
complexed with a monomer of gD-l(A290-299t) should have a 
mass of approximately 75 kDa. Perhaps relevant to our obser- 
vations, it has been noted that the ectodomain of TNFR mi- 
grates anomalously by SDS-PAGE as well as by gel filtration 
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(30, 43). We are carrying out additional experiments to more 
accurately determine the size of the complex. 

Receptor oligomerization is a mechanism by which many 
extracellular hormones transmit their signals to the inside of a 
cell (58, 59). Thus, it is not surprising that a number of recep- 
tor-ligand complexes have been shown to contain multiple 
receptor molecules. Gel filtration studies similar to those used 
here showed that the ectodomain of the TNFR bound in a 3:3 
molar ratio to TNF alpha (three monomers of TNFR and one 
trimer of ligand) (43). This ratio is in agreement with that 
determined from crystallography data (2). A stoichiometry of 
1:2 was reported for the complex formed by human growth 
hormone and the ectodomain of its receptor-binding protein 
(10). In that case, a sequential binding mechanism that leads to 
receptor dimerization and cell signalling was postulated. Since 
the gel filtration studies between gD and HVEM were carried 
out with mixtures that had been incubated overnight, we would 
not expect to see 1:1 intermediates even if sequential interac- 
tion occurred. Measurements of real-time interaction will be 
needed to examine this possibility. Whether the 1:2 stoichiom- 
etry of the gD-HVEM interaction has significance for subse- 
quent events in HSV infection remains to be examined. 

HVEM may be one of several mediators of HSV entry. It was 
previously rioted that the rid and ANG strains of HSV did not 
exhibit enhanced entry into CHO-HVEM12 cells, although 
they did infect Vero and HeLa in a normal fashion (35). More- 
over, gD-l(ridlt) and gD-l(ANGt) proteins blocked infection 
of Vero cells by the KOS strain (38) and gD-l(306t) can block 
infection of Vero cells by many. HSV strains, including KOS, 
but not infection by ANG and ridl viruses. Here, we found that 
neither gD-l(ridlt) nor gD-l(ANGt) protein bound to HVEM 
(200t) in vitro. Experiments are under way to identify mole- 
cules which mediate infection by the rid and ANG strains of 
HSV. Should they work in a. fashion analogous to that of 
HVEM, we would expect them to bind to gD-l(ridlt) and gD-1 
(ANGt). 
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sev^JS™ -J«- glycoprotein D ( gD ) with one of 

receptors, HveA and HveC. We have coXueTour s Sd£ Ivt i n „ P nf""* *? ^ s *™ ra ™»y <Hssimilar 
molecules with various Oterminal tnacadoM aid fi? f 2J£^ ( } ! PMel ° f bacu >ovirus-produced gD 
acid deletions between residues 222 and 1 2« Kndi™ J £ . P mUtaDtS ^ ""flapping 3-amino- 
BUI (group lb) was unaffected "S^JtfS^SSffi^ monoclonal anHbody (MAb) 
molecules truncated at residue 240 or 234 Both kw- V?, 250 but was V" 0 * diminished in 
affected by these Cterminal truncation S&S^^SgZ! J?? °' HSV were 
en^ne-linked immunosorbent assay (ELISA) and faUe it^S 2^? ^ aDd HveC 35 det ermined by 
weU to both receptors but blocked infection poorW fadicatm, S " fec f n ' ^tingly, gD-l(240t) bound 
not the only gD function required for toddJTffiS Sosenst S ^ 88 meaSUred * ***** «• 

HveC with an affinity similar to that of MQ^aZ^J^i*"?* that while gD-l(240t) bound 
significantly faster than for gD-l(306t) SmSSSkSLn^f con JPlex formation and dissociation were 
between residues 222 and 251 of «D SidK?«?^ "^"s showed that any 3-amiho-acid deletion 
lost DL11 reactivity (those ^iS^lS^^S^^^ this set of proteins, three haa 
222-224) was expressed as a soluble form in the taStovtaL mtS * ° D f e .° f * 6Se proteins (deletion 
bound to both HveA and HveC poorly as shown bv ELJSA Z tI» T t ' 3?" S . P / T ~ e,n did Dot react ^th DL11, 
was bound by several other MAbs tha "rS^dS^nuouJSS,? * HS T lnfeC,i0D - Since this P"*^ 
are critical for gD function. We pronose that th* „«^. ^ «P*opes, we conclude that residues 222 to 224 

» mam „^ „ a . K . ^^^xr j^saaffajar °"- r 8 - u ' 



ii'5li erp f SimpleX VifUS (HSV) S enome codes for at least 
11 g ycoproteins most of which are detectable in the virion 

aEtaeit S J***".* f sce P tib * CeUs is initiated ^ "he 
attachment of virions, via glycoprotein C (gC) and/or gB to 

toliowed I by the interaction of gD with a cellular receptor 
Then, P H independent fusion occurs between the virus enve- 
lope and the host cell plasma membrane (58); gB, gD iid fte 

8 R 8 ^ C T P,eX bav ? been ^plicated in this stlp '(50, 52) 
h„™ * ex P ression Zoning was used to identify several 
human genes whose products convert the normally nonpermis- 

f« u«, nese l l amster ovar y ce,ls int <> «lls that are permSe 

JSff and v HSV - 2 Cmiy < 9 ' 19 ' 

meaiators of HSV entry are known as HveA, HveB, and HveC 

n,rfl. 2 membe . r ° f ^ tumor necrosis ^tor ;eceptor si 

a^d^SPM^ inte ; ac ; s with both ^ photo * n 

raUed PRR?^ a ( } i H ? B ( , alS0 caUed PRR2 ) and Hve C (also 
Mn tlfS )are *'° Sely related me mbers of the immunoglob- 
S? wET* 0f P. rot ^ s ( 36 -!% amino acid sequence iden- 
tity within the predicted extracellular domains) which share 
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wfth S„rf? ° aCld Sequcnce ident ities, respectively, 
with the pohovirus receptor extracellular domain (14, 19, 37 
53) The normal cellular functions of these proteins remain 

mS7rHv th R U8h r t cent data SU ^ 1 ^ fSSSZ 

rnolog of HveB may be a cell-cell adhesion molecule (1) A 
lJ«e variant of HveC, called HIgR, can also mediate HSV 

bt n r 0 wirh p 3 ssive , ceiis (9) - s ° iub,e fo ™ 

and maR k t ? dlr L Ctly 10 SOluble forms HveA, HveC, 
amibodSX" 01 t0 HV 1 B (8 ' 9 ' 31 - 54 - 55 )" * addit ion 
bv HSV fQ ^ « ; ^ re xt Pt0rS ? 3V , e been shown to bl °* Action 
diSZt iS'l ^ ? U n* " ' S Clear that HS V 0311 ut ^ several 

recent a nH tw? rall 7 . UnrC,ated surface P™** as 
receptors and that two of these receptors bind directly to HSV 

H f .? VO i PPr ? acheS Were used in P reviou s studies to try to 

^^S^S^ 9 be,ween 80 structure and © 

S 0 " 0 the Properties of a panel of monoclonal anti- 
bodies (MAbs) to gD (11 12 23 41 dT> an^ <-;:■> • 
of the properties ofa ^dSg?^^.^^ 

PoS'notem ^ *" by seven J^LAbs, all ofw'hiph 

cZ D ^f?iinr? CBl ? li2in8 aCtMt y in 1116 absence of 
ni£ o P oXr 2?' A i thou 8 h a " group I MAbs block the bind- 

h!se fZ P 1 am,b0dieS 10 gD ' further subdivision of 
Sies^fh n ° & ?T ^ and Ib Was done on basis of 
«ouf r, Sak n S^ d and other muta nt forms of gD. Two 
group la MAbs, HD1 and LP2 (11), bind to cD truncated at 

H CSidUe 2 ?' WhCreas a " d Ktner g?ouJ lb 

wheSnni i 11 '/! " ^ recent] y. w « showfd that, 
whereas DL11 blocks the binding of soluble HveA or HveC to 
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S S HSV Hi ^ b A° Ck l the bindin 8 of Hve C but not of HveA 
to HSV (31 44). On the other hand, MAbs in eroun VII 
blocked the binding of HveA but not of HveC to HSV (31 3? 

Lth of ?f th6r ' thCSe rCSUltS Su 8« est that Ending of gD to 
each of these receptors involves both a common reeiln aswen 

? the /D mo.eo.le. F*teZS%££l 

VII has nrS^° n ° f epUOpes Within anti S enic "tes 1 and 
vii has provided important clues as to the portions of »D 

rot e v\{MA e >, bindin8 - 0f CaCh reCeptor - ^SmpTe.lnS 

terminus of on 3 • 6) ' " B h f y ! hat residues near th « amino 
terminus of gD are important for ts interaction with HveA tn 

support of this hypothesis, a mutant form o gKth a chtnee 

hSS'S t0 bind , 10 HveA but stm S«235 

«im..ti . sur P nsm 8 1 y. v »nises with this change in eD 
are unable to utihze HveA as an entry receptor (40) ^ 

a^h^F??* and implementation analysis/we previ- 
ousiy .denied four ions J . e^revi 

He^ fi* 1 ^ ^P 0 " 3 " 1 for HSV Action whiKS 

«nTc lit? ih T Tl im $ the relat i°nship between «,«- 

W^SSSZT? above ). and ^"ional regions II and 
K" 1 of the lmker insertions within functional reeion II 
abolished or greatly diminished binding by the group lb MAb 
DL11. Second, functional region II (residues 125 to lfiffen' 

eSiunlb 65 *™r ] V h ^ t0 ^ct Se t0 binSg e 0 f 
certain group lb antibodies (residues 132 and 140} Third 
functional region III (residues 225 to 246) includes residues 
known to be required for group lb antibody "SSfa. ^£ 
obsemnons taken together suggest that fbn££3%2TS 
SJJ? ? b rt Clo f ly P° siti oned within the folded (t?S 

S/l? 8 £ 31,(1 may ' t0gether ' form a functional domai? 

222 and 275 f n d, if f hC contribu f tion « tP residues be™en 
iti and 275 to the formation of both antigenic site Th an rf , 

ft.nct.onal (receptor-binding) domain. To acSmp Lh *k we 

TS3Z SfcSn? T' 1 * D mUtantS - 

a nested set of C-termmal truncations consisting of molecule* 

runcated at residues 234, 240, 250, 260, 285 K 

iionai region III. Our results support our hypothesis that ther P 
in Dincing to the HSV receptors, HveA and HveC 

MATERIALS AND METHODS 

were grown in SffOOII ^S^ffi^^iSSi 018 ^?"-) 

ArR3 (20). in which th* 1^7 „ x ^ d*\i*). me ii6Vl(KOS) recombinant, 

been inW tedTnto fte Ict! K Under,he COn,ro1 of ^ P™n>otcr, £ 

Golds,ei„7nd wdler ^P a « a, « d in DM «*• as described by 

were Brown in nmu f ers were dete ™ined on Vero cells. COS-1 celb 
Z . e" 3 ™" >n DMEM supplemented with s% crs vrun . n ce . 

DMEM contain™ 5% FRS ,™i i Z° 060 ceIU were Sro*" ™ 

agation of SnuD 2£ F e n« ^, k "'""i (35) ^ The iso,ation and P r °P" 
HSV-1 strain k£ w- SrfJSSh^T' ***** ^''^ (35) ^ 

tr »™^ forms ofgD. 



J. Virol. 

used to amDlifv th^ pptj 8 * ^ nderl,ned )- The downstream primer 

tion enzyme cleav^e^e to^nld^ Th."! '""V 0 ™** an "«ric 
«Utt» s^nal «Snce.^odS %&£r'T* 'Z* $ ° thal the 

DNA macuIoS Sf P ^ «? ns ^«s *cre cotnmsfectcd with baculo^irus 

were plaqTpS ^ t i^ m / m ^ P icte " V ™ dones expressing gD 

clones^ ^^e KS^oSS 1 ^ fr ° m w individual ^ 

plaque-purified hinii«rfZ, . VsOS-PAGE and immunoblot ana ysb. The 

ofhAZf^tf^^^ 1 •ff**' for routine u " i« Paction 
producedtj bac-iD i. ^ T ed tae * D - 1 P»)- The soluble protein 

the go, Z 1S?^22J? ^ Crre ^ "I" 5 SO- 1 * 2601 )- nomenctoi™ for 
indicate thai to iSSSdS P/" 8 ™- ^ <J«i«nations 

acid residue of ^ ZZJ?*™"'? ? 15 a *« *e indicated amino 

numbering ^'tel^JH!^ Seq " e ," Ce r ! m0Ved) P r0tein ( in this 
-25). initiator methionine residue of gD occurs at position 

and HveC(346t) have been des^bVd (31 ' 4? "IS ^ '^^l^ 4 '). HveA(200t), 
fication of gD-H260rt B n „n ,,Al\ ' . * 56) " Pr °*»«K>n and puri- 

carried out as dSdS SD-'gtOt), and gD-l(A222-224, 306t) were 
(54)]. ascribed prev 10U sly for HveA(200t) [also called HVEM(200t) 

assay (EUSA^ d «« fa^ k . ° 96 " we " enz yme-'mlte<l immunosorbent 
time^ ^^^^S^^T^ ^ Plates Were washed three 
nonfa, miIk , O.^Twe^fo P," ^ S °J Uti °" (PBS ' 5% 

times with PBS-0 2% Tw«i on u ?' P . lates were ,hen *ree 

PBW..2* W ' dS - hed * ree With 

removal of the drrate buffer AffS^^ mM , s °d'"m citrate (pH 4.5). After 
and the absorbance at W nrn^f„ rt ^ W *, U,i ° n (Moss ' Inc > *as added, 

concentration of gD useT y> absorbance P^d against the 

(O^lbs " 0 r /^ Pr ° IeinS WCre "P™* "y SDS-PAGE under ^a- 
boiled 1 mta h ^^sVsDtlo^'B 0 b ° iling P'» or denaturin 8 &«»P>« 
Tris-glycine gels No exf After ^^P^^nol) conditions b preLt 
with silver nitrate (Pha™^ SDS - PA , GE - separated proteins were stained 
antibodies, Z MfaS Tbv If T f"? t0 nit ™*»«l°se. P™bed with 

Construction of E D 1 3 w chemill ""i'«scence (Ainersham). 

mutagenes^ Tas tSri^ °,; a . c ' d series. Oligonucleotide^irected 

modified by ttetoF^^X"? ' he metl,od of Zo11ct and Smith (60), as 
expressing gD^t^hi^™^ ge " era,e of P lasmid constructs 

spann^Tdu^ TLoZ'Ta ' tTS^ 3 - amin °- aCid de,e "'° DS 
Mt3mp 18 construe, ^^i£i^S^^S^Z^ 
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Hmdlll site) which was excised from plasmid pRE4 (12) by tf/ndlll digestion 
GGC^^^T^ii^^T.S^ACGGTGCGCTGGATGAAGCGG 

TT^G^A?rrT v G T?^^°^- 3 ' : i234 - a6 ' 5'-CCCGGCGATCT 
cr- ajSSS ^J; 3 ^ 7 " 239 ' 5 '-CCCGTGCCACCCCAAGCTGTATA 

G^^^G^CGTGCCACCCGGC-S'; A246-248, 5'-CAGG GTGCTC 

a?2^ C - 3 : "^l. 5'-TCCGGGGGCAGCAGGTATGG 
GGCCIT-3'; A252-254, 5'-GGACAGCTCCGGGGTGCTCGTGTAT-3 

ft,™ nS 1 t "^ ne$is ' l he 8° OR* we« excised (tfmdlll) from M13 replicative- 
EPA ta^T*"* inU> * e "0™""™ expression plasmid, pRSVnN 
om^Z '* S ™ d ». contiu » iD 8 8D ORF in the desired orientation were se- 

of *r»n& S ,* e m ' ,h0d ,°f aen and Seebut 8 W to «>nfi"n the presence 
of the anticipated mutations (nine nucleotide deletions) within the gD ORF 

m£&? ? .° f Transfel:ti0 ■' °f COS cells and thelubsequent 

preparation of cytoplasmic extracts were performed as previously described (12, 

ous^e^l^*'"*^ Pr0 ? dure ' which was P erf0 ™ ed * !«vi- 
2,7t^n{ 2 X J! 8 mod,ficati °n °f of Holland et al. (24) and Kou- 

SritaPMSS? ° f ln ^ lluli ? anti ge«. *e cells were fixed with 5% meth- 
anol in PBS before incubation with the MAbs 

«^<.SS?Il e S! tl,,,0,, P >e was Performed essentially as previously 
described (43) except that COS cells were used instead of Verb- celE Briefly 

TnH ta ? rf « ted , DNA-calcium phosphate precipitates forTh at *TC 
oftm L ^ aDd '" c, ! bated in DMEM-5% FBS for 8 h at ZTC Each dish 
of celb was subsequently infected at room temperature with 10* PFUrf F-riDB 
vir^followed by the addition of 5 ml of DMErS-5% FBS and incubation toMh 
t, II , J? m t IUm Was then ien,ov ed. and extracellular virus was inactivated 

«EhSM§«»^& l tf £ ,n 8 ' yCine - Sa ,ine (P» 3 -°) «• ^er 
r„. V. _T * hBS at 37 ^C, the medium was removed and stored at -70°C 
or subsequent determination of the virus titers. The cells were ^ bl freeze 
tag and somcation with a Microson ceU dismptoi. Nuclei wer^en pSkted 
by low-speed centrifugation, and the supernatant was stored at -70? farrt? 
sequen determination of the virus titen. Both intraceUuIar and ex^lhX 
T d l termined 0n 1>ansfection with salWlpe m 

£ defined "ilhe Jirer"^ ?T l 0ne , hundred 1*™. comp.emenS 
woenned as the titer obtained after transfection with plasmid dRE4 which 

ffi^ gD (12). Complementation with a mutant is trSnta bj 
the fonowing formula: ^complementation = 100 X (titer with mutant plas- 

Oo'd^-r " CSmer D . NA >'( titer with PRE4 - titer with carrier DNAV 
Bifml i nnfv n ? 0 K r eXper,m «?- Bi0Sensor "Pe^ents were carried out on a 
47?T~ P "? blOSenSOr (Biaeore AB > at *"C M previously described (32 
47) B.osensor data were analyzed by using a global fitting routine with BIA 

rSEEZSTT' Ve M " i ° n ?° del fittm * "^eTouTS « ng 
L&^EESrS? *f dnftin * baseline . ™ ™deU the simpteinter? 
«5 f i g ? d W 10(1 "^P*" R) ^ follows: L + R 5t LR. The rate 

t^tT ^ WM meiSured from ,he f^d ""tion, and £ wit 
measured from the reverse reaction. For gD.l(234t). a maximum k . w£ «f 

M 'wh^^l* deSCTibed (4?) " *i equation ST-' 
<o), where 7?„ is the response at time zero (f„) of dissociation anH » u ,x. 

S e at time (29) - Scatehard ana1 ^ o?1hTK5&S£ 

complexes were performed as previously described (47). ^^reeeptor 

RESULTS 

^w^ n u tru " ca L tions - Krummenacher et al. (31) and Rux 
™ fon^An°«Ai th ?' ^P"^ l ° gD truncated at residue 
ob<!?T ? 0 ^' r molecules truncated at residues 285 [gD-1 
(285t)] and 275 [gD-l(275t)] exhibited enhanced receptor 

?»n ul'Jm 00 "!.'! 5 . 1, 1 form consi sting of residues 1 to 234 
Ln, AT, )] exh , lblted diminished receptor bindine. 

1 i„? l) W ? S Sh0wn t0 retain much of the nat^e structure of 
the full-length molecule in that most MAbs recognizing dis- 
continuous epitopes of gD reacted with gD-l(234t) (471 One 

ff^io^s 8 £ at the grou P Ib MAb > D "l. bound poorly 
to gD-l(234t) Since gD-l(234t) lacks a significant portL of 
functional region III (7) (residues 225 to 246), we reasoned 
that the diminished receptor binding of gD-l(234t) was con- 
sistent with the idea that functional region III is directly in- 
volved in receptor binding. To define more precisely the C- 
terminal gD residues required for receptor binding as well as 
for the bmding of MAb DL11, we expressed three additional 
rorms of gD in the baculovirus system. These gD molecules 
were truncated after residues 260 [gD-l(260t)l 250 TeD-l 
(250t)], and 240 [gD-l(240t)]. Stick diagrams ^of thefe, aKell 



as other recombinant baculovirus products, are shown in Fig. 
1A. bach truncated form of gD was constructed such that six 
histidme residues were present at the C terminus to allow for 
purification by nickel chromatography. The eD truncation mu- 
^*\ Wer ! P £,, ed by immunoaffinity chromatography [gD-1 
306t) and gD-l(285t)] or by nickel chromatography (all oVher 
forms of gD). To assess the purity of the recombinant proteins 
similar amounts were loaded onto an SDS-10% polyacryl- 
anude gel, electrophoresed, and stained with silver nitrate. All 
of the proteins were purified to near homogeneity and were of 
the expected sizes (Fig. IB). Western blot analysis with the 
group VH MAb 1D3 (Fig. 1Q confirmed that all of these pu- 
nned proteins retained the correct N terminus of gD (Fig. 1A) 
Antigenic analysis of C-terminal gD truncations. To assess 
the antigenic structure of the recombinant gD molecules the 
proteins were separated on nondenaturing ("native") SDS- 
polyacrylamide gels, and blots were probed with various MAbs 
The blot shown in Fig. 2A was reacted with the group II MAb 

rtlf'/^ , a x eCOgnizes a linear e P it0 Pe (residues 272 to 279) 
(.^o) (Fig. 1A). The expected pattern of reactivity with DL6 was 
observed in that proteins smaller than gD-l(285t) were not 

m aT^t? 6 ^ shown b Fi g- 23 10 D we 'e reacted with 
MAbs DL2, ABD, and HD1, each of which recognizes a sep- 
arate discontinuous epitope on gD. All of the truncated pro- 
teins reacted similarly with these MAbs, indicating that the 

^"'rT 1 ??* °J 80 was not & ossl y altered by the trunca- 
tions. The blots shown m Fig. 2E and F were reacted with two 

Til D i- 11 / and D2 - ^though DL11 bound strongly 
to gD-l(306t), gD-l(285t), gD-l(260t), and gD-l(250t), h 
bound weakly to gD-l(240t) and gD-l(234t). In previous stud- 
ies, we showed that DL11 competed with soluble HveA and 
HveC for binding to gD in HSV virions, suggesting that it binds 

£i £w e " t region of gD involved in rece Ptor interaction 
(31, 44). According to the data presented in Fig. 2E, gD resi- 
dues immediately upstream of 250 contribute to the DL11 

on ° 2 ', like DL11 > bound wea kly to gD-l(240t) and 
gD-l(234t) but also exhibited reduced reactivity with gD-1 

?S r?« hCn ^? a L ed with molecules truncated after residues 
^ou 285, and 306. These results confirm and extend previous 

Ste ■lb m (llfT# SSS* t0 thC formation of antigenic 

nS^ , Pre r ious studi es showed that, compared to gD-1 
(3061), molecules truncated after residues 285 and 275 bound 
o HveA and HveC with increased affinity, while a molecule 
truncated after residue 234 bound with reduced affinity (31, 
47) To assess the effect of the C-terminal truncations on re- 
ceptor interaction, we analyzed their binding to truncated 
S??A a 5.? Ve £ ^.VEM^OOt)] and [HveC (HveC(346t)] by 
S™. i k - 3 \ f*w» 3A shows the binding of truncated 
forms of gD to HveA, while Fig. 3B shows their binding to 
E2 u ^^P^ 10 ^ reported (31, 47), gD-1 (285t) bound to 

thltl S^^l^ 60 ' as seen ^ EUS ^ ca - 100-fold better 
han did gD-l(306t). gD-l(260t) and gD-l(250t) bound to both 
receptors as well as gD-1 (285t). However, gD-l(240t) bound to 

iZ J e n 1 ?^ 0 * 35 WeU as gD^OOet), whereas the bind- 
mg of gD-l(234t) was nearly undetectable. We conclude from 
these observations that gD residues between positions 234 and 
240 are critical for receptor binding and that residues between 
positions 240 and 250 may also be involved (since the receptor- 
binding activity of gD-l(240t), though not eliminated, is re- 

fhatln 6 la ,- 8 ! r f ° ms of S 0 )- 11 ^ °f interest to note 
^ak^'t \ ( 7 V,', ^ hlch showed finished reactivity with the 
MAb DL11, still bound to both receptors 

Biosensor analysis of gDt binding to HveA and HveC. Pre- 
mie r * e - d ° P i ical biosens or technology to show that the 
increased affinity of gD-l(285t) for both HveA and HveC rel- 
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FIG. 1. Recombinant baculovirus-produced proteins. (A) Stick diagrams of full-lenoth hsv in ,k. ^""T-TT" • . . 
baculovirus-infected cells). Functional regions I to IV as defined by S « a O? areS?« l^^ D " ,ed US ? d in "* stud y <P"*iuced * recombinant 
group VH are indicated. The positions of consensus sites for /V-glyco* atton re m^teE^^iffi ™%P° S ,ions ° f toear e P"°P« g™P II and 
m the extracellular domain of gD (36) is shown on the full-length eD stick digram trn ■ - d, , sulfid f bond P att ™ for the six cysteine residues located 

baculovirus-produced proteased ii this study. UnV 1 $$§0M ■ totSTfaStV hSfiSl ™ W^'T^ 1 (10% > showin 8 *e purified recombinant 
lane 7. gD-l(A222- 2 2 4 . 306t). (Q Western blo^ of the pLid'SSi-n ffii S^ffliS"^ » te * ^t™* 6, gD-l(234,); 
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FIG. Z Antigenic analysis of baculovirus-produced gD truncation mutants. Purified proteins were separated by "native* SDS-PAGE, transferred to nitrocellulose 
and probed with gD-specific MAbs. Lane 1, gD-l(306t); lane 2, gIM(285t); lane 3, gD-l(260t); lane 4, gD-l(250t); lane 5, jLD-U240tV lane 6 aD-U234rt (A\ Blot 

Eft* m£f & 9° ^^i^ {gr °u U P V ? MAb) * (A W with £b group IB M$ (D) Blot A^S^S 

MAb). (E) Blot probed wnh DL11 (group lb MAb). (F) Blot probed with D2 (group lb MAb). ' 



ative to gD-l(306t) resulted almost exclusively from a faster 
rate of complex formation (47). In contrast, gD-l(234t) exhib- 
ited a faster rate of complex dissociation (/c off ) with HveA 
compared to gD-l(306t), suggesting that some gD residues 
involved in HveA binding had been removed. Here we found 



that the binding kinetics and affinities of gD-l(285t), gD-1 
(260t), and gD-l(250t) for both receptors were quite similar 
(Table 1). In each case, the higher affinity was due primarily to 
a faster rate of complex formation (k on ). gD-l(240t) exhibited 
binding kinetics and an affinity similar to gD-l(306t) in its 





1.6v 




■ 




c 


1.0: 


m 


o 


0.8 : 

• 




0.6 : 


n 


0.4: 


< 




0.2: 




10- 2 10" 1 10° 10 1 10 2 10 3 10 4 

Protein Cone. (nM) 




10' 2 10" 1 10° 10 1 10 2 10 3 10 4 10 5 

Protein Cone. (nM) 



„ J k ^ • 8D. trunca,,on m » tant ^ f° r KCe ^ bmd .'"8 *y EUSA- ™ e wis °* «» EUSA plate were coated with an excess of HveA(200t) or HveC(346t) 
and mcubated with increasing concentrauons (shown on the* axis) of gD truncation mutants. Bound gD was detected by incubating sample wells with a rabbit antiserum 
u ™? "s nS i. ( f"£. followed b X peroxidase-conjugated goat anti-rabbit antibody and then peroxidase' substrate. (A) Binding to HveA(200O (B1 Binding to 
HveC(346t). Symbols: □, gD-l(306t); 0 , gD-l(285t); A, gD.l(260t); O, gIM(250t); •, gD-l(240t); 0 , gD-l(234t). nveA^uut;. W omaing 10 
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TABLE l. Kinetic and affinity values for gD-receptor 

complex formation 




Immobilized 
receptor 



(10 3 s-^M" 1 ) 



HveAt 



(HrV 1 ) 



K D (10~ 6 M) 
(*ofl*on') 



HveCt 



306t° 

285t° 

260t 

250t 

240t 

234t 

306t° 

285t° 

260t 

250t 

240t 

234t 



6.1 ± 0.6 6 
300 
130 
520 
18 
ND C 

2.6 ± 0.7 6 
190 
280 
440 
25 
ND C 



2.0 ± 0.2* 
1.1 
0.75 
0.94 
1.6 
20" 

0.71 ± 0.09* 
0.73 
0.71 
0.66 
2.9 
10* 



3.2 ± 0.6 
0.037 
0.058 
0.018 
0.89 
TXf 

2.7 ± 0.2 
0.038 
0.025 
0.015 
1.2 
If 



■ nK *2££* dtViati0n " ,CaSt thlCe expe^cnts. 

• !?to£ 3£^o£MSEi *£ "^-J'S — » calculate 
obtained were ^ x ,0-",^ fdffi T>» va,ues 

frrom Scatchard analysis. 



SSfS? , . With - Hv f^' «»«*««" with its similar binding pro D - 

e^altS^H^ S 0 -^ 2401 ) 

«ui overan arjinity for HveC simi ar to that of eD-mnfirt ih+ 

SaSTitai faster , and the *- was 4 - fo,d f ^ er 

^uot;. Thus, in contrast to the ELISA reunite ~ i 
biosensor enabled us to distingSs fS fhb£ of 

£ ll k ri f f ° r 8 D - 1 (234t) could not be anaJaS by us ne 
*e global fitting routine of the instrument sofS iLS 
maxmium * off values were estimated by plotting ln^? ) vS 
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HvVi m a e r,H 0 H th r in L tral Part ° f the diss °ci«ion phase. For both 
imately 10-fold faster than for gD-l(306t). Finally, equilibrium 

ES^S S calcolated fr om data collected under cohdi- 
gD-l(234t) bmdmg to HveA this calculation yielded a K n ao- 

^h?V" Wd l0WCr th3n ^ m *> fcr bLdtng fo 
HveC the was nearly identical to that of gD-l(306t) 

bhSfSw? I 1 " 15 ^ by S0,Ubk f0rms of « D - Soluble gD 
? • ^ snsc ^P tib te cells, presumably by bindmg 
to and occupyuig cell surface receptors (28, 45). We tested tht 

F^ TJt ^ bl ° Ck Wection of HeLa ■»* Vero 
SockS 8 HSV infl?- a " d gr>l(2S0t) 

riiT~ . u CUOn at Sumlar concentrations (50% inhibi- 
•on occurred between 1 and 10 nM) and were more potent 

Snf?;^ 060 (5 °T° inhibhi0n ° CCUrred be4ee° n r 10 P 0 S 
S.™ J 1 *» e t re »! ,lts wer e consistent with the ELISA and 

?2snA I Sh u 0WiD8 lhat SD-l(285t), gD-l(260t), and gD i 
(250t) bound to both HveA and HveC with greatly increased 

gD-l(234t) to block HSV infection is consistent with its dimm- 
ed capacity t0 bind HveA or HveC relative to gD-l(306t? at 

hon much less effectively than gD-l(306t) (50% inhibition oc- 
Zl f t W«»™*tely 5 \iM). This result was unexpected 
because both the ELISA and biosensor data indicated that thS 

S??«SS£^ r r ptor molecules with an **** 

eri djS'JS • ^ hm repeated these experiments sev- 
eral tunes with s.nular results. These data suggest that gD-l 
(240t) may lack a portion of a gD functional Smain. 
orH^ T "If Structure of 3-amino-acid deletion mutants. In 
S^S^ ^ thC regi0n 0f 8° encompS ing 
ft MAh h m * "T?" 15 the residues involv « d in »oup 

a se^ b ^ ,n8, ^ USCd ^""^ mutagenesis to general? 

Dine 3 a 2n P i m S e , nC .° ding fuU ' len 8 th 8° with noiverlap- 
fhri^T;? « le ^ S Spannin S amino a cid residues 222 

with i ( 8 ' 5) -- C0S 06115 Were transfected separately 
with plasm.ds expressing each of the gD mutants. With the 
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no Acid Sfiqueneft 

255 

VYSLKIAGWHGPKAPYTSTLLPP 
VYSLXIAGWHGPKAPYTSTLLPP 
VYSLKIAGWECPKAPYTSTLLPP 
VYSLKIAGWHGP KAPYTSTLLPP 
-YSLKIAGWHGPKAPYTSTLLPP 

V KIAGWHGPXAPYTSTLLPP 

VYSL- — GWHGPKAPyTSTLLPP 
VYSLXIA— GPKAPVfSTT.T.pp 

VYSLKIAGWH APYTSTLLPP 

VYSLKIAGWH GPK TSTLLPP 

VYSLK1ACHHGPKAPY LLPP 

VYSLXIAGWBGPKAPYTST P 



Deletion dunplemontatltm 



BONE 
222-224 
225-227 
229-230 
231-233 
234-236 
237-239 
240-242 
243-245 
246-24B 
249-251 
252-254 



100% 
2 
0 
1 
1 
0 
2 

N/0 
0 
0 
1 

15 



ementation analysis of 3-amino-acid deletion mutants of 
edicted amino acid sequence for residues 220 to 255 of HS V-l 
vn at the top left (numbering is based on the assignment of 
to the lysine , at the N terminus of the signal-peptidase-pro- 
vhich is the 26th residue of the primary translation product). 
) has two amino acid changes relative to gD from the KOS 
d of the protein, V-+L at residue 233 and A-*P at residue 246. 
>e sequence, the corresponding sequences of the 3-amino-acid 
ire shown. The level of complementation of a gD-null virus is 
onstruct m the column at the right and is expressed as a 
t achieved with the wild-type construct (the mutant lacking 
2 was never detected in transfected cells [see text]). 



le A240-242 deletion mutant, all of the mutated 
transported to the surface of transfected cells, as 
lmunoperoxidase staining (data not shown). Cy- 
acts were then prepared from COS cells 40 h 
tion. As controls, plasmids pRE4, which ex- 
ype gD-1, and pWW17, which expresses the 
:tion mutant (12), were included. To quantitate 
cpression, equal volumes of each extract were 
:d on a denaturing polyacrylamide gel, followed 
nitrocellulose and probing with MAb DL6 (26). 
result, the volumes of extract loaded on subse- 
e normalized so as to give approximately equal 
L6 (Fig. 6A). No protein could be detected for 
242, even after repetition of the mutagenesis, so 
1 from further analysis. Each extract was then 
;d on a native polyacrylamide gel with no comb, 
trocellulose were cut from the resulting Western 
d with various MAbs (Fig. 6B to D). MAbsHDl 
ABD (panel C), which recognize discontinuous 
itigenic sites la and III, respectively (41-43), 
Df the mutant proteins. The binding of DL11 
eliminated by deletion of residues 222 to 224, 
i 228 to 230 (lanes 1 to 3, respectively), suggest- 
es 222 to 230 contribute to antigenic site lb. 
leletion mutants in a complementation assay, 
✓as tested for its ability to complement the pre- 
vious F-gDp virus in COS cells by using quan- 
ld DNA that result in similar numbers of gD- 
lls. F-gDp lacks a gD gene and produces 
; only when functional gD protein is provided in 
h the exception of A252-254, none of the mu- 
to complement F-gDp, as found previously for 
mutant (42) (Fig. 5). To address the possibility 
nplementation was due to failure of the mutated 
incorporated into virions, extracellular comple- 
■ vims was centrifuged through a 10% sucrose 
00 X g for 2 h at 4°C. The pellet was solubilized 
•DS-PAGE sample buffer, electrophoresed on a 
amide gel, Western blotted, and probed with 



polyclonal antibodies against gD and gB (Fig. 7). Although 
each of the mutant proteins was detected in virions, the A225- 
227 and A243-245 proteins were incorporated inefficiently and 
may explain their complementation-negative phenotype. Tak- 
en together, these results suggest that a region encompassing 
at least residues 222 to 251 is required for gD function 

Expression of gD-l(A222-224) and gD-l(A231-233) as sol- 
uble forms in the baculovirus system. In order to examine the 
receptor-binding properties of a subset of the 3-amino-acid gD 
deletion mutants, we constructed two baculovirus recombi- 
nants expressing gD-1 truncated after residue 306 and lacking 
residues 222 to 224 (DL11 negative) or residues 231 to 233 
(DL11 positive). While both proteins were detected in recom- 
binant baculovirus-infected insect cells, only the A222-224 pro- 
tein [gD-l(A222-224, 306t)] was secreted. The baculovirus- 
produced gD-l(A222-224, 306t) was purified by nickel-agarose 
chromatography (Fig. 1), and its reactivity with a panel of 
MAbs was analyzed by native Western blot (Fig. 8). As antic- 
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FIG. 6. Antigenic analysis of HSV-lgD 3-amino-acid deletion mutants Reiv 
hcate cultures of COS *ells were transferted separately with plas^d 
expressmg wild-type gD, gD lacking residues 234 to 244, and each of thTw 
no-acid deletion mutants. Detergent extracts were prepared from transfecied 
cells after 40 h, subjected to SDS-P AGE, and transferred to «JtrS,S?SS 
ern blot). Blots were then probed with MAbs against HSV R D ( A\ Blot nrohed 

fsH^ 01 ^ with ABa < c > ™« P'<* ed P) Blot 

probed with DLU. Ume 1, gD-l(A222-224); lane 2, gD-l(A225-227V lane 3 

(A237-239); lane 7, gD-1 A243-245); lane 8, gD-1 (A246-248V ane q £ 
^249-251); lane 10, g D-l(A252-254); lane U, falu^ lane 12, £2 
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arately with each of the 3.»minn££T! • d bcen complemented 

cribJin the text and analyse "^P^wS^ ^ pWpBied 85 
: resulting blot was probed XS n f ( ° ? WeStCrT1 blottln &- 
: scd against gD) MdTO ffi^M^ R? 
n gD.l(A222.224); 1aae 2, virus complemented wftn *D ST" 1 ? 
« complemented with gD.l(A228-&0V Em? ^ «■ ( A22 f- 227 )= lanc 3> 
-lf-23l-2.v*vism*< n , lanc 4, virus compemented with 

H^i-^3j, lane 5, virus complemented with bD-Ua^oia ? • 
nplemented with gD-l(A237-239V lanr? ^« ,i , ^ 6); J anc6,v,rus 

lane 8, virus'complemcm^ w£n ^SlSSSS^ ^ 
nplemented with gD-l(_249-25lV W in j£* ( i246 T 248 ): !ane virus 

>cted as well as gD-l^t wiS^S^S ft 
SfSf integrity. In connt^g-J: 

ted DLll anVn^Th WUh Cither of * MAbs 

tea, DL11 and D2. These results were consistent with thl 

genie properties of the full-length fom o? tS s nroteto 
'ressed in mammalian cells (see Fie 6} P 

ipenie 0 o?JSa2^224 £,? "* the ^P^inding 

«»h u a ^V( 306t )- Consistent with its reduced binding 
SSJ, rf^ 01 ^; 1 ( A222 -224, 306t) faikd to bS 

DISCUSSION 

The^Xre JSw TT $tUdies have exa ™ ed 
structure of HSV gD relates to its function. Some 
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studies focused on a discontinuous antigenic site which was 
neuTaliS,^ 1 , ^ e - C ° mmon . 

neutra hzing MAbs (antigenic site I). On the basis of additional 

£S!KK , r Up 1 W6re 5Ubdivided into subS 
la and lb (41). For example, the group la MAb, HD1 binds S 

gD truncated at amino acid residue 233, whereafSe ^ 0UD S 

SSrtSZ ^ 38 DL11> *» n0t " Se P arate «udKemC 
strated the involvement of residues upstream of 233 in anti 

ESK (39 ' 43 >" SinrfwioSd chTnge" were* 

uon wmie confernng resistance to neutraUzation bv certain 

SS ^T 55 " 8 T g ° With a ^Asn change at 
residue 140, and a third group lb antibody failed to neutralize 

awu^expressing g D with a Gln-to-Leu cLng! at rS e m 

Evidence of an overlap between antigenic site Ib and n 

ffSr 1 of 6° -as pro^d by Mu^Sdge 
5™i ( f ^ wh0 , examined seven gD mutants containine N- 
Sl D f ' mten ! al * ° r C - te nninal arn^no acid deletion Tfor fheir 

li.k u ex P res sed on the surface of transfected cells and 

aaedKc Sh n! T!' Interest5n 8 I y. *is mutant protein 
well ; L a wSli ' SU S8«tmg that antigenic site Ib, as 
weu as a functional region of gD, was disrupted bv this 11 
amino-acid deletion. In a similar study, FeeS S « ai rn 

l2l^^ft^l C S? ,8,M,,t t gD " nu11 virus but Gained 
rh 3 , m i , w ? i ; More recentl y. Nicola et al. (44) showed 

witn HW '° Cked th I imeraCti0n of solubI « HveAwith gD or 
with HSV virions, and Krummenacher et al. (31) showed that 
DL11 blocked the mteraction of soluble HveC wi4 HSV viri 
ons. Finally, gD truncated at residue 234 was i bound bv m VI 
weakly and bound HveA with a markedly lower HSJk \ 
than molecules truncated at residue 275, 28™ 3M ^ 

fied fi er "^ Can - nin8 i nUtati0nal anal y sis of HSV gD ( 7 ) identi- 
fied four distinct functional regions within thfln I • 

structure wherein linker insertion! ?Sd^ot Lise jSjlS? 

S^h ^ com P lement the infectivity of a gD-null S*- 
(shaded areas designated I through IV in Fif> 11 V ru. t!^. 

40 se £ b m^ 0111 ? ^"^odte (residues 13 2 TS 

itu, see tig. 11). Third, region III (residue* oik t~ • 

eludes residues required fa^y^^Sdfa,^ 
observations suggest that regions II and III may f closely 
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led within the folded structure of gb and may, together, 
functional (receptor-binding) domain. 
ie present study we addressed the contribution of gD 
s between 222 and 275 to the formation of both anti- 
ite lb as well as a receptor-binding domain. We con- 
1 three baculovirus recombinants expressing gD trun- 
fter residues 240, 250, and 260 and analyzed them along 
eviously described gD truncations (after residues 234, 
id 306) for antigenic structure, receptor binding, and 
locking activity. All of the truncated proteins were 
jy several MAbs recognizing discontinuous epitopes In 
t, reactivity with DL11 was not exhibited by all of the 
ion mutants. Although gD-l(250t) reacted strongly with 
$D-l(240t) and gD-l(234t) had significantly diminished 



reactivity Thus, we conclude that the C-terminal limit for full 
ULll binding occurs between residues 240 and 250. 
_ Analysis of the C-terminal truncation mutants for receptor 
binding revealed a pattern somewhat similar to that seen for 
DL11 binding. Using the activity of gD-l(306t) as a reference 
pomt , gD-i(285t), gD-l(260t), and gD-l(250t) exhibited en- 
hanced binding to both HveAt and HveQ (Fig. 11), a property 
previously demonstrated for. gD-l(285t) and gD-l(275t) (31, 
47). The higher affinity of gD-l(285t) and gD-l(275t) for HveA 
was shown by optical biosensor studies to result from a faster 
« ere * WC f 5 )Und 11,31 8 D - 1 (260t) and gD-l(250t) bound to 
both HveA and HveC with kinetics and K D values very similar 
to those of gD (285t). The calculated K D values for the inter- 
actions of gD-l(240t) with HveA and HveC were quite'similar 
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Point mutations ablate binding by Group lb MAb 
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C-terminal truncations affect complex stability 
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for gD-l(306t). Interestingly, the * on and k oB values 
for the interaction of gD-l(240t) with HveC were 
•tly faster than those obtained for gD-l(306t). From 
eriments it is clear that the loss of high-affinity recep- 
ng by gD is first evident in gD-l(240t), the same 
n point at which full DL1X reactivity is lost. The 
■uncation, gD-l(234t), exhibited an approximately 10- 
rkrf for both HveA and HveC relative to gD-l(306t) 
due to deletion of gD residues which stabilize the 
:s (Fig. 11). 

•ility of soluble gD to bind receptor molecules should 
ally correspond to its ability to block HSV infection of 
ring those receptors. In the case of both HeLa and 
s, the blocking activities of all but one of the proteins 
atched their receptor-binding properties as seen by 
Interestingly, gD-l(240t), which bound both HveA 

■ W u, f ^ similar to gD-iPOCt), was much less 
in blocking HSV infection than gD-l(306t). Perhaps 
>rane-bound forms of HveA and HveC recognize gD 
t differently than the truncated forms used in the 
rid biosensor studies. This result might also suggest 

5 an L ° ther rece P tor 'n HeLa and Vera cells to 
i-l(Z40t) binds with lower affinity than gD-l(306t) 
anation seems unlikely, at least for HeLa cells, since 
: al. (8) showed that a MAb to HIgR {HveC) effec- 
cks HSV infection of this cell line. Alternatively, 
>.nce in blocking ability between gD-l(306t) and gD-1 
iy reflect the different rates of gD-HveC complex 
i and or dissociation observed in the optical biosensor 
scussed above. 

servation that gD-l(234t) bound HveA, albeit in an 
nanner, indicated that at least some receptor-binding 
rare present upstream of 234. To extend our analysis 
up lb epitope and functional region III, we generated 
: plasmid constructs expressing full-length HSV-1 gD 
lential, nonoverlapping, 3-amino-acid deletions ex- 
om residue 222 through residue 254. The altered gD 

■ expressed in transiently transfected cells were first 
:or function by using a complementation assay. Only 
: 3-amino-acid gD deletion mutants (A252-254) com- 



plemented the mfectivity of a gD-null virus, confirming the 
conclusions of Chiang et al. (7). All forms of gD retained the 
iolded structure necessary for reactivity with, group III and 
group la MAbs, and each was detected on the surface of 
transfected cells. However, gD lacking residues 222 to 224 225 
to 227, or 228 to 230 failed to react with DL11, indicaSg tS 
even small deletions in this region of gD disrupt antigenic site 
lb. Earlier results, examined in connection with data presented 
here, suggest that gD residues 222 through 230 are critical for 
proper formation of the DL11 epitope, whereas residues be- 
tween positions 231 and 250 may be important for proper 
presentation of the DL11 epitope but are not directly involved 
in antibody binding. 

To examine the receptor-binding properties of some of the 
3-amino-aad deletion mutants, we cloned and expressed two 
of these proteins (A222-224 and A231-233) as truncated fomS 
m the baculoyirus system. Although both of these molecules 

gD-l(A222-224 306t) could be purified from the culture me- 
dium^ gD-l(A222-224, 306t) reacted with several MAbs £ut 

JSJSfti" T&«, e ? ) i b0Und weak] y t0 HveA and HveC, and 
failed to block HSV infection of mammalian cells. This result 
showed that gD-l(A222-224) is nonfunctional due, at leas in 
part, to its greatly diminished binding to cellular receptors 
Once again, these data support the concept of an overlap 
epiiop? a rece P tor - bindin 8 dom ain °f gD and the DL11 

Antibodies directed to viral proteins can neutralize virus 
mfectivity by binding to and occupying the site on a virion 
protein which interacts with a cellular receptor during virus 
attachment and entiy. This mechanism of neutralization by 
certain MAbs has been demonstrated for several different vi- 
ruses, including influenza virus (3, 51). Whether DL11 (and 
other group lb MAbs) neutralizes HSV infectivity by occupy- 
ing part of its receptor binding domain has yet to be conclu- 
sive y demonstrated. The data presented here and in previous 
publications are c early consistent with this interpretation al- 

pOS I ible that the receptor-binding site on 

f?H™f,v^ dlSt ? Ct fr0m the Ib antigenic site. To 

address this and other questions, we are currently attempting 
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to determine the crystal structure of gD alone, as well as gD 
complexed with each of its two known receptors or complexed 
with the DL11 MAb. 
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